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0 Introduction
[111-R18-NTN] Email discussion on improved GNSS operations – Wen (MediaTek)
[bookmark: _Toc97215355]0.1 Background
In RAN#96e, the revised WID on IoT NTN enhancements has been endorsed for Release 18 [1]. 
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 detailed objectives are to specify enhanced NB-IoT NTN and eMTC NTN radio interfaces and E-UTRAN/NG-RAN as follows:
4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN 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 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.
In this meeting, company views on improved GNSS operations for IoT NTN are summarized and proposals on identified issues are made.
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1 [Active] Issue #1: Closed Loop control and potential enhancements
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
Agreement (RAN1 109e): 
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

1.1 Company contributing views
	Contribution
	Observation/Proposals

	Huawei, HiSilicon
	Observation 1: Close loop frequency error correction is not needed during the connection for IoT NTN.

	MediaTek
	Observation 1: The maximum Doppler shift error due to the position error of a UE that is moving without GNSS measurement at Nadir can be approximately 168.8Hz and 337.7Hz within 60 seconds and 120 seconds at UE velocity of 120 km/h for LEO 600km. At the lower elevation angle 30 degree, the frequency error is in the order of a few Hz for LEO 600km.
Observation 2: Depending on UE velocity and time elapsed since UE last acquired GNSS location, the frequency error could become increasingly large and exceed the frequency error requirements without closed-loop frequency correction. 
Observation 3: Closed loop frequency correction is beneficial to reduce accumulated frequency error and reduce power consumption with sparse use of GNSS.
Proposal 1: Support closed loop frequency correction.

	ZTE
	Observation 1: The closed loop correction mechanism cannot work in long repetition case since UE will not receive DL command during ongoing repetitions.
Observation 2: The GNSS validity duration extended by closed loop correction is limited by the TA error during long repetition. The frequency error caused by GNSS position error is tolerable within the extended GNSS validity duration with consideration of this limit.
Proposal 1: Closed loop frequency correction is unnecessary in consideration of complexity and spec impact.

	CATT
	Obseravation 1: In low speed UE, frequency error is not significant in IoT NTN case.
Observation 2: If UL frequency error can be compensated based on DL frequency tracking, the close-loop frequency compensation is not needed.

Proposal 1: Further evaluate the necessity of close-loop frequency compensation for GNSS information expired case.

	Spreadtrum
	Proposal 3: Closed loop frequency correction should not be supported.

	Xiaomi
	Proposal 4: Closed loop frequency control can be supported to avoid frequent GNSS measurement.

	Nokia, NSB
	Observation 12: During a long repetition period the UE will not be able to receive closed loop frequency correction commands.

	CMCC
	Proposal 6. For long connection, the power consumption of potential mechanisms that enable alternate GNSS measurement and data transmission needs to be evaluated.

	InterDigital
	Observation 2: Excessive acquisition and reporting of GNSS information can lead to unnecessary power consumption and lower throughput. 
Proposal 4: Introduce a prohibit timer to prevent excessive acquisition and reporting of GNSS information.

	NEC
	Proposal 1: How to perform closed-loop correction during long UL transmission needs further study.

	Ericsson
	Observation 1 The existing TAC mechanism is sufficient to address the timing error due to incorrect UE position in IoT NTN.
Proposal 1 Network can potentially indicate to an IoT NTN UE in connected mode if it can continue its uplink transmission after GNSS validity timer expiry.
Proposal 2 Network can optionally indicate service link timing drift parameters to an IoT NTN UE in connected mode.
Proposal 3 Upon GNSS timer expiry in connected mode, an IoT NTN UE may use service link drift information (in addition to common TA parameters) to calculate TA values before receiving the next TA command.
Proposal 4 Closed loop frequency correction mechanism should only be specified if absolutely necessary.

	Lenovo
	Proposal 3：Closed loop time and frequency correction can be studied as implementation solution for UL synchronization during long connection.

	Samsung
	Proposal 1: Support closed loop correction for pre-compensated frequency offset, e.g., absolute frequency command and/or frequency adjustment command can be considered.

	Qualcomm
	Observation 1: Under the studied scenario of short, sporadic connections, a GNSS fix before every connection consumes approximately  of the UE’s total available energy.
Observation 2: Under the studied scenario of a long connection employing connected mode DRX (with a DRX cycle of ), a GNSS fix before every uplink transmission consumes approximately  of the UE’s total available energy without additional enhancements w.r.t uplink synchronization.
· This is especially true for mobile UEs that cannot depend on a prior acquired GNSS fix 
Proposal 1: For the objective on improved GNSS operations and reduced power consumption, the following framework is followed by RAN1:
1.	Specify closed loop time and frequency enhancements to increase the time between consecutive GNSS re-acquisitions.
2.	Specify aperiodic eNB triggers to instruct the UE to re-acquire GNSS.
3.	Specify a mechanism for the UE to re-acquire GNSS upon expiry of the GNSS validity.
Observation 3: For long connections in eMTC and NB-IoT over NTN, closed-loop time and frequency corrections lowers the GNSS power penalty from 45% to 17% (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections.
Proposal 2: RAN1 to specify enhancements to closed-loop time and frequency corrections, to mitigate UE power consumption on account of GNSS fixes.
Observation 4: According to current specifications, any time a UE transmits a NPRACH, it uses a value of  in calculating the TA for the NPRACH transmission.
Observation 5: If a considerable amount of time has passed since the last GNSS position fix, e.g., for a mobile UE, the accuracy of  becomes progressively worse over time, i.e., the error in  increases over time.
Observation 6: Although the eNB can progressively correct (by issuing TA commands) the timing error due to a stale UE location, this correction is not applied when transmitting NPRACH (which currently uses . This may cause the timing error to go beyond the NPRACH correction capability.
Proposal 3: RAN1 to specify solutions such that closed loop TA commands can also applied to NPRACH. Candidate solutions include:
· Updating the  term with every TA command received in response to transmitting a NPRACH in connected mode
· Accumulating prior TA commands into the  term, as opposed to universally setting it to 0 for a NPRACH transmission
Proposal 4: Proposal 2—related to TA—shall also translate to an analogous solution for closed-loop residual (doppler) frequency correction.
Observation 7: For mobile UEs, with a GNSS fix that is outdated by 2 minutes, there may be a residual doppler frequency error of 220 Hz, with LEO satellites at a 1200 km orbit operating in the S band.
· This error may be outside the synchronization requirements set by RAN4.
· This may cause significant interference among UEs in the uplink when a 3.75 kHz subcarrier spacing is used for NB-IoT.
· This may be mitigated by introducing a closed-loop frequency correction mechanism, as proposed in this contribution. 
· Requiring fresh GNSS fixes within such short intervals (e.g., 2 minutes) severely degrades battery life of the UE.
Proposal 5: RAN1 to consider specifying (at least a subset of) NPRACH resources with increased robustness to time and frequency errors, to facilitate:
· Accessing a cell from IDLE mode, while relaxing the requirement of an “immediately preceding” GNSS fix in all instances.
· Closed-loop corrections (e.g., after periods of UE inactivity), thereby reducing the number of GNSS fixes required during a connection.
Observation 8: Restricting alternate starting subcarriers for NPRACH transmissions allows to correct for potentially large initial uplink frequency synchronization errors (e.g., up to 1 kHz)
· Such a scheme may facilitate UE power savings by relaxing the frequency and accuracy of GNSS fixes required.
· Such a scheme may also facilitate NPRACH-driven closed-loop corrections of time and frequency errors in connected mode, thereby reducing the power penalty from frequent GNSS fixes.

	Nordic Semiconductor ASA
	Proposal 1: In RRC connected mode, the closed loop time and frequency correction loops should be further studied.



Power consumption of GNSS position fix, TA and Doppler tracking error, Closed Loop control and potential enhancements are discussed by contributing companies.
On power consumption of GNSS position fix: 
· CMCC proposed for long connection, the power consumption of potential mechanisms that enable alternate GNSS measurement and data transmission needs to be evaluated.
· InterDigital observed excessive acquisition and reporting of GNSS information can lead to unnecessary power consumption and lower throughput. 
· Qualcomm modelled a short, sporadic connection according to Fig. 1 below and a long connection according to Fig. 2 below in R1-2212139. Besides, Qualcomm demonstrate in table 2 in R1-2212139on how the power penalty due to GNSS fixes diminishes with an increase in the GNSS relaxation factor, which essentially denotes—relative to the baseline scheme in Fig. 2—the factor by which we reduce the total number of GNSS fixes required and replace it with adequate close-loop corrections
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Figure 1: Short, sporadic transmissions for IoT over NTN.
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[bookmark: _Hlk118882662]Figure 2: Long connection with connected mode DRX for IoT over NTN.
Table 2: Reduction in power penalty due to GNSS, by relaxing required GNSS fixes and enabling NPRACH-driven closed-loop time and frequency corrections.
	GNSS Relaxation factor
	Power penalty due to GNSS in connected mode for long connections

	No Relaxation
(Baseline, as shown in Fig. 4)
	

	2
	

	4
	



Qualcomm observed that Under the studied scenario of short, sporadic connections, a GNSS fix before every connection consumes approximately  of the UE’s total available energy. Under the studied scenario of a long connection employing connected mode DRX (with a DRX cycle of ), a GNSS fix before every uplink transmission consumes approximately  of the UE’s total available energy without additional enhancements w.r.t uplink synchronization (This is especially true for mobile UEs that cannot depend on a prior acquired GNSS fix). For long connections in eMTC and NB-IoT over NTN, closed-loop time and frequency corrections lowers the GNSS power penalty from 45% to 17% (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections and proposed to specify enhancements to closed-loop time and frequency corrections, to mitigate UE power consumption on account of GNSS fixes
Qualcomm further proposed for the objective on improved GNSS operations and reduced power consumption, the following framework is followed by RAN1:
1. Specify closed loop time and frequency enhancements to increase the time between consecutive GNSS re-acquisitions.
2. Specify aperiodic eNB triggers to instruct the UE to re-acquire GNSS.
3. Specify a mechanism for the UE to re-acquire GNSS upon expiry of the GNSS validity.

On TA and Doppler tracking error of UE mobility: 
· Huawei, HiSilicon mentioned given a certain GNSS position error, the maximum frequency error happens when the satellite is in the middle between old UE location and the location with GNSS error. And in Figure 3(a).  Figure 3 (b) and (c) from R1-2210875, illustrate the timing and frequency error as well as the corresponding requirement (i.e. 80Ts and 200Hz(0.1ppm@2GHz)) with different UE speeds for the scenario in Figure 3(a). It can be observed that the validity time based on the frequency error requirement is much larger than that based on the timing error requirement. And in most cases, the frequency error will not exceed the frequency error requirement. 
[image: ]
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     (b)                                        (c)
Figure 3 (a) Scenario when evaluated Doppler shift by using old UE location is opposite to the real Doppler shift; (b) Timing error with different UE speeds (c) Frequency error with different UE speeds
· MediaTek summarized Table 1-2 from R1-2211096 to show frequency error due to the position error of a UE that is moving without GNSS measurements. The maximum Doppler shift error at Nadir due to UE velocity over the service link is illustrated in Figure 1 from R1-2211096. MediaTek observed the maximum Doppler shift error due to the position error of a UE that is moving without GNSS measurement at Nadir can be approximately 168.8Hz and 337.7Hz within 60 seconds and 120 seconds at UE velocity of 120 km/h for LEO 600km. At the lower elevation angle 30 degree, the frequency error is in the order of a few Hz for LEO 600km. Depending on UE velocity and time elapsed since UE last acquired GNSS location, the frequency error could become increasingly large and exceed the frequency error requirements without closed-loop frequency correction.
[image: ]
Figure 1: Frequency error for elevation at Nadir

Table 1: Doppler shift tracking error due to UE velocity at Nadir
	Validity of UE location
	        
10 s
	
30 s
	
60 s
	
120 s

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

	3 km/h
	8m
	89.999deg
	0.7Hz
	25m
	89.997 deg
	2.1Hz
	50 m
	89.99 deg
	4.2Hz
	100 m
	89.989deg
	8.4Hz

	30 km/h
	83m
	89.99deg
	7Hz
	250m
	89.97 deg
	21Hz
	500 m
	89.95 deg
	42Hz
	1000 m
	89.895deg
	84.1Hz

	40 km/h
	111m
	89.988deg
	9.3Hz
	333m
	89.96 deg
	28Hz
	666 m
	89.93 deg
	56.1Hz
	1333 m
	89.86deg
	112.2Hz

	60 km/h
	166m
	89.98deg
	14Hz
	500m
	89.95 deg
	42.1Hz
	1000 m
	89.9 deg
	84.2Hz
	2000 m
	89.79 deg 
	168.5Hz

	120 km/h
	333m
	89.96deg
	28.1Hz
	1000m
	89.9 deg
	84.4Hz
	2000 m
	89.79 deg
	168.8Hz
	4000 m
	89.58 deg 
	 337.7Hz



Table 2: Doppler shift tracking error due to UE velocity for TN
	Validity of UE location
	        
10 s
	
30 s
	
60 s

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

	3 km/h
	8 m
	76.6deg
	1.2Hz
	25 m
	54.5deg
	3.2Hz
	50 m
	35deg
	4.5Hz

	30 km/h
	83m 
	22.7deg
	51.2Hz
	250 m 
	8deg
	55Hz
	500 m
	4deg
	55.4Hz

	40 km/h
	111m
	17.5deg
	70.6Hz
	333 m
	6deg
	73.7Hz
	666 m
	3deg
	73.9Hz

	60 km/h
	166m 
	11.8deg
	108.7Hz
	500 m 
	4deg
	110.8Hz
	1000 m
	2deg 
	111Hz

	120 km/h
	333m 
	6deg
	221Hz
	1000 m 
	 2deg
	222.1Hz
	2000 m
	1deg 
	 222.2Hz

	
	
	
	
	
	
	
	
	
	
	



· ZTE consider the case as shown in Figure 1 from R1-2211112, where UE actual location is nadir point, e.g., [0, 0, R], but it performs UL synchronization based on a location with 2km error, e.g., [2000, 0, R], where R denotes the earth radius. The initial position of satellite is assumed as [0, 0, Re+h], where h denotes the orbit height, and the satellite moves in the x-z plane. In LEO-600, assuming the ephemeris is perfectly known by UE, the difference between real service link TA and pre-compensated service link TA can be evaluated as shown in Figure 2 from R1-2211112. ZTE observed that the closed loop correction mechanism cannot work in long repetition case since UE will not receive DL command during ongoing repetitions and the GNSS validity duration extended by closed loop correction is limited by the TA error during long repetition. The frequency error caused by GNSS position error is tolerable within the extended GNSS validity duration with consideration of this limit. 
[image: ]
[bookmark: _Ref118391390]Figure 1 An illustration of evaluated case
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[bookmark: _Ref118392526]Figure 2 TA error caused by GNSS position error in LEO-600
· CATT mentioned in low-speed UE, frequency error is not significant in IoT NTN case and if UL frequency error can be compensated based on DL frequency tracking, the close-loop frequency compensation is not needed.
· Nokia, NSB observed during a long repetition period the UE will not be able to receive closed loop frequency correction commands.
· [bookmark: _Ref115304915]Ericsson mentioned it is expected that an IoT NTN UE will apply segmented uplink pre-compensation to account for the timing drift due to satellite’s motion, and assume a worst-case TA error due to satellite motion of 0.39  (i.e., 12*Ts where Ts=32.55 ns) for an eMTC UE, the satellite contributes to a worst-case TA drift of 100 s/s. For NR NTN, RAN4 has relaxed the initial transmit timing error requirement from 12*Ts to 29*Ts to account for errors in the satellite/UE positions. Ericsson assume a similar relaxation for eMTC NTN (which has a minimum transmit timing error requirement of 12*Ts in terrestrial networks), the net timing error due to satellite/UE motion needs to be within 17*Ts for eMTC NTN. Assuming a worst-case TA error of 12*Ts due to satellite motion at the end of a transmission segment, there remains 5*Ts (0.16 s) to account for the TA error due to UE mobility. Without closed loop timing correction, Table 1 from R1-2211764 shows that for 3 km/h, the UE may need to correct its timing to account for TA error due to UE mobility either via a TA command (TAC) or by refreshing its GNSS after 34 s. At 120 km/h, such an intervention will be needed every 0.83 s. Ericsson assumed that the UE already corrects its timing every segment to account for the TA error due to satellite motion. Ericsson observed the existing TAC mechanism is sufficient to address the timing error due to incorrect UE position in IoT NTN.
Table 1 Impact of UE mobility on timing error requirements for eMTC NTN.
	UE speed
	TA error rate due to UE mobility only
	TA error due to satellite’s motion only
	Time to reach the timing error limit of 17*Ts

	3 km/h
	0.00467 s/s
	0.39 s
	34.3 s

	60 km/h
	0.0967 s/s
	0.39 s
	1.65 s

	120 km/h
	0.193 s/s
	0.39 s
	0.83 s



· Qualcomm consider a LEO satellite at an orbit of 1200 km, and depict below from R1-2212139, the progression of the residual (uncorrected) Doppler frequency shift that may occur, as a function of time that has elapsed since the last GNSS fix. For this depiction, Qualcomm assume that the starting position (the position at which the UE has a fresh GNSS fix) is at the nadir beam, where the satellite is directly above the UE (elevation angle 90 degree); thereafter, the satellite and the UE move in opposite directions with their respective velocities. The error (uncorrected Doppler shift) is then calculated by the difference between the “exact” Doppler shift (had the UE known the GNSS in real time) and the “estimated” Doppler shift—assuming the UE doesn’t update its GNSS location after the initial time point. 
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Qualcomm observed for mobile UEs, with a GNSS fix that is outdated by 2 minutes, there may be a residual doppler frequency error of 220 Hz, with LEO satellites at a 1200 km orbit operating in the S band.
· This error may be outside the synchronization requirements set by RAN4.
· This may cause significant interference among UEs in the uplink when a 3.75 kHz subcarrier spacing is used for NB-IoT.
· This may be mitigated by introducing a closed-loop frequency correction mechanism, as proposed in this contribution. 
· Requiring fresh GNSS fixes within such short intervals (e.g., 2 minutes) severely degrades battery life of the UE.

On potential enhancements: 
Contributing companies mentioned serval potential enhancements to reduce the need for UE to update GNSS position fix in long connection time as follows:
Closed loop frequency correction:
Table 1 the comments on Closed loop frequency correction
	Contribution
	Support
	Not support
	Further study

	Huawei, HiSilicon
	
	×
	

	MediaTek
	√
	
	

	ZTE
	
	×
	

	CATT
	
	
	—

	Spreadtrum
	
	×
	

	Xiaomi
	√
	
	

	NEC
	
	
	—

	Ericsson
	
	×
	

	Lenovo
	
	
	—
(as implementation solution)

	Samsung
	√
	
	

	Qualcomm
	√
	
	

	Nordic
	
	
	—



Other potential enhancements:
· InterDigital proposed to introduce a prohibit timer to prevent excessive acquisition and reporting of GNSS information.
· Ericsson proposed network can potentially indicate to an IoT NTN UE in connected mode if it can continue its uplink transmission after GNSS validity timer expiry. Ericsson further proposed network can optionally indicate service link timing drift parameters to an IoT NTN UE in connected mode. Upon GNSS timer expiry in connected mode, an IoT NTN UE may use service link drift information (in addition to common TA parameters) to calculate TA values before receiving the next TA command.
· Qualcomm observed that According to current specifications, any time a UE transmits a NPRACH, it uses a value of  in calculating the TA for the NPRACH transmission, and if a considerable amount of time has passed since the last GNSS position fix, e.g., for a mobile UE, the accuracy of  becomes progressively worse over time, i.e., the error in  increases over time, and although the eNB can progressively correct (by issuing TA commands) the timing error due to a stale UE location, this correction is not applied when transmitting NPRACH (which currently uses . This may cause the timing error to go beyond the NPRACH correction capability. Qualcomm proposed to specify solutions such that closed loop TA commands can also applied to NPRACH. Candidate solutions include:
· Updating the   term with every TA command received in response to transmitting a NPRACH in connected mode
· Accumulating prior TA commands into the  term, as opposed to universally setting it to 0 for a NPRACH transmission
Qualcomm further proposed related to TA—shall also translate to an analogous solution for closed-loop residual (doppler) frequency correction.
· Qualcomm proposed to consider specifying (at least a subset of) NPRACH resources with increased robustness to time and frequency errors, to facilitate: 1) Accessing a cell from IDLE mode, while relaxing the requirement of an “immediately preceding” GNSS fix in all instances; 2) Closed-loop corrections (e.g., after periods of UE inactivity), thereby reducing the number of GNSS fixes required during a connection.

Moderator View: In RAN1 #110bis-e, there was FL recommendation “RAN1 evaluates whether to support Closed loop frequency correction via MAC CE command signaling.” On power consumption, companies mentioned acquisition of GNSS information can lead to significant power consumption. On Doppler Frequency error caused by UE inaccurate GNSS, contributed companies held diverging views on whether accumulated Doppler Frequency error exceeds frequency requirements. To the moderator understanding, RAN4 frequency requirements (0.1ppm) are maximum frequency error for total error, e.g., crystal frequency error, doppler error caused by inaccurate SSV, doppler error caused by inaccurate GNSS and so on. RAN1 should first align views on the relationship of accumulated Doppler Frequency error and frequency requirements and the relationship of power consumption and GNSS measurement. 

1.2 [bookmark: OLE_LINK12][bookmark: OLE_LINK11]First Round Discussion
Initial Proposal 1-1:
Companies are encouraged to comment on whether:
· Multi GNSS measurements in connected can lead to significant power consumption
· Accumulated Doppler Frequency error caused by inaccurate GNSS can exceed frequency requirements necessitating more frequent GNSS measurements.

Initial Proposal 1-2:
Support Closed loop frequency correction via MAC CE command signaling.
· FFS Details
Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Ericsson
	1-2: We do not think this proposal is needed.
The first bullet is not needed as it is obvious that more GNSS measurements will result in a higher power consumption.
It is pre-mature to comment on the second bullet as RAN4 is currently discussing the frequency error requirements for IoT NTN. Initial evaluations do show that the accumulated frequency error in NTN is similar to that in terrestrial networks. 

1-2: The frequency error in IoT NTN is similar to that in terrestrial except for the special case of a high-speed UE. Moreover, RAN4 is currently discussing the frequency error requirements for Rel-17 IoT NTN. So, we do not support the proposal at this stage.


	ZTE
	For 1-1, as we evaluated, the frequency of GNSS measurement is limited by the timing error in long repetition cases. And once the timing error limit can be satisfied, the Doppler error will not exceed tolerable range.
For 1-2, not support. As commented in 1-1, the Doppler error will not exceed tolerable range with consideration of timing error limit in long repetition case. Hence, closed loop frequency correction is not needed.

	Qualcomm
	We agree with proposal 1-1, we think RAN1 should design techniques to limit the amount of GNSS measurements the UE has to do.
Regarding 1-2 and, in general, closed loop commands, we would like to raise once again the issue of closed loop TA. Many companies seem to think that closed loop timing adjustments work as currently defined, but as we mention in our contribution there are issues with PRACH (since the closed loop command will not apply to (N)PRACH).
We support 1-2 but would like to add a note on “Enhancements to closed loop timing enhancements”

	Nokia, NSB
	1-1: From papers, it has already discussed very small power consumption for GNSS when comparing with IoT operation. We do not think GNSS measurement will cost significant power consumption considering the mature GNSS technology. GNSS measurement can be kept. 
1-2: Not support. Except the standard effort and much complexity for IoT NTN UE, also it is not possible to receive the frequency correction during the long repetition of UL or DL transmission/reception. Additionally, the requirement for frequency correction can even be ignored as it is only needed for 120kmh without GNSS for very long time.
For Table 1, Nokia/NSB can be added as Not support.

	OPPO
	Fine with proposal 1-1 and 1-2.

	Nordic
	Regarding Initial Proposal 1-1, we see there is a benefit of adjusting uplink synchronization with means other than obtaining a GNSS fix.
We support Initial Proposal 1-2.

	Xiaomi
	Support both proposals

	Huawei, HiSilicon
	For proposal 1-1, the state is quite general while the observation is just from some extreme assumption, e.g. performing GNSS before every C-DRX every 10ms or UE is moving at 120km/s and the transmission last for more than 100s. we do not think it is typical scenario/configuration for IoT NTN.
For proposal 1-2, we think the close loop frequency error is not essential to achieve the objective in the WI as it only targets at extreme cases.

	Apple
	If the larger PUSCH repetition is configured, UE could not have the chance to perform time/frequency synchronization. In this case even the closed loop frequency correction is supported. The half-duplex UE still has no opportunity to monitor the PDCCH, the frequency correction in MAC CE is not available.
So we don’t see the Proposal 1-2 is really needed. 

	Spreadtrum
	There is no need to introduce closed loop frequency correction via MAC CE command signalling.

	CATT
	In IoT NTN case, the frequency error is not one big issue, so we don't support MAC CE signalling for close-loop frequency correction.

	NEC
	Proposal 1-1 and 1-2 can be discussed after RAN4 makes an agreement on frequency error requirement for IoT NTN.

	MediaTek
	On 1-1: We support. As analyzed in our Tdoc R1-2211096, depending on UE velocity and time elapsed since UE last acquired GNSS location, the frequency error could become increasingly large and exceed the frequency error requirements without closed-loop frequency correction. 
On 1-2: Support



1.3 Summary of First Round Discussion
Companies provided diverse comments on the two proposals.
On the relationship of GNSS measurements in connected and power consumption
· Ericsson, Qualcomm, OPPO, Xiaomi, MediaTek thought Multi GNSS measurements in connected can lead to significant power consumption.
· Nokia, NSB mentioned very small power consumption for GNSS when comparing with IoT operation and GNSS measurement doesn’t cost significant power consumption considering the mature GNSS technology

On the relationship of Doppler Frequency error caused by inaccurate GNSS and frequency requirements and closed loop frequency correction:
Table 3 the comments on Closed loop frequency correction for first round discussion
	Contribution
	Support
	Not support
	Comment

	Ericsson
	
	×
	The frequency error in IoT NTN is similar to that in terrestrial except for the special case of a high-speed UE. Moreover, RAN4 is currently discussing the frequency error requirements for Rel-17 IoT NTN. 

	ZTE
	
	×
	The Doppler error will not exceed tolerable range with consideration of timing error limit in long repetition case.

	Qualcomm
	√
	
	There are issues with PRACH (since the closed loop command will not apply to (N)PRACH) and would like to add a note on “Enhancements to closed loop timing enhancements”.

	Nokia, NSB
	
	×
	Except the standard effort and much complexity for IoT NTN UE, also it is not possible to receive the frequency correction during the long repetition of UL or DL transmission/reception. Additionally, the requirement for frequency correction can even be ignored as it is only needed for 120kmh without GNSS for very long time

	OPPO
	√
	
	

	Nordic
	√
	
	There is a benefit of adjusting uplink synchronization with means other than obtaining a GNSS fix

	Xiaomi
	√
	
	

	Huawei, HiSilicon
	
	×
	The close loop frequency error is not essential to achieve the objective in the WI, the observation is just from some extreme assumption.

	Apple
	
	×
	If the larger PUSCH repetition is configured, the half-duplex UE has no opportunity to monitor the PDCCH, the frequency correction in MAC CE is not available.

	Spreadtrum
	
	×
	

	CATT
	
	×
	In IoT NTN case, the frequency error is not one big issue

	NEC
	
	
	This can be discussed after RAN4 makes an agreement on frequency error requirement for IoT NTN

	MediaTek
	√
	
	Depending on UE velocity and time elapsed since UE last acquired GNSS location, the frequency error could become increasingly large and exceed the frequency error requirements without closed-loop frequency correction.



Moderator View: Majority commented companies thought Multi GNSS measurements in connected can lead to significant power consumption. To the moderator understanding, it’s beneficial for saving UE power consumption if potential enhancements can help to reduce GNSS measurements times in connected. As for the accumulated frequency error caused by inaccurate GNSS, companies have diverse views. RAN1 can further align understanding on the need of Closed loop frequency correction. 

1.4 Second Round Discussion
FL recommendation 1:
Proponents for Closed-loop correction enhancements are encouraged to further discuss offline to get more understanding and support. This issue can discuss further in RAN1#112.
Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	



2 [bookmark: _Hlk112145913][Active] Issue #2: GNSS measurement triggering
Agreement (RAN1 109e)
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 

Conclusion(RAN1 109e)
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 
FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time
Agreement (RAN1 110)
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers

Agreement (RAN1 110bis-e)
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
Agreement (RAN1 110bis-e)
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.

2.1 Company contributing views
	[bookmark: _Hlk115814293]Contribution
	Observation/Proposals

	Huawei, HiSilicon
	Proposal 2: UE can skip GNSS position fix triggered by eNB, when its GNSS information is still valid. A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to indicate the skipping of triggered GNSS measurement and request validity duration update.

	MediaTek
	Observation 4: RAN1 should further discuss how the UE can be kept in connected after GNSS validity duration expiration if residual transmit timing error after closed-loop timing correction is within the transmit timing error requirements.
Proposal 2: eNB can aperiodically trigger UE to make GNSS measurements:
· if transmit timing error / frequency error above some eNB receiver measurement threshold.
· when GNSS validity duration expires, and eNB configured GNSS measurement fallback Timer T1 has expired

	CATT
	Proposal 2: Support UE initiatating a GNSS measurement with one request command when network triggering is not available.

	Spreadtrum
	Proposal 2: The network can trigger the UE to perform GNSS measurements through PDCCH order.

	Xiaomi
	Proposal 2: Both network and UE triggered GNSS measurement can be supported.

	Nokia, NSB
	Observation 1: The UE may move in a predictable way, e.g. on a ship or train, and therefore make periodic GNSS measurements useful.
Proposal 1: Support eNB to configure the UE to make periodic GNSS measurements.
Observation 2: If the UE does not transmit, the eNB is not aware of potential UE movement and therefore only the UE is able to determine the need for a new GNSS position fix and trigger aperiodic GNSS measurement.
Observation 3: The UE may detect the mobility state change based on determining the time/frequency difference between a received downlink signal and an estimate based on the last known location.
Proposal 3: Support the UE to request eNB to trigger at least an aperiodic GNSS measurement.
Proposal 5: RAN1 to discuss the possibility of eNB extending a UE’s GNSS validity duration timer.

	NEC
	Proposal 3: Support UE triggered GNSS measurement to cater for sudden changes in GNSS validity duration.

	Apple
	Proposal 2: RAN1 considers supporting periodic GNSS measurement for UE to re-acquire GNSS position for long connection times.
Proposal 3: For periodic GNSS measurement, GNSS measurement gap and GNSS measurement periodicity are configured via aperiodic GNSS measurement triggering MAC CE.

	Lenovo
	Proposal 2: Triggering the GNSS measurement for both aperiodic and periodic way should be controlled by network.

	Samsung
	Proposal 2: Specify the condition of UE triggered GNSS measurement, e.g., GNSS validity timer is expired, there are UL data to transmit, and/or the UL synchronization is lost. 
Proposal 3: Specify the condition of eNB triggered GNSS measurement, e.g., GNSS validity timer is expired, there are DL data to transmit and/or the UL synchronization is lost.
Proposal 5: For aperiodic GNSS measurement, DCI based triggering signaling should be supported for the case that UL synchronization is lost.



[bookmark: _Hlk118825450]RAN1 #110bis-e has agreed that support eNB to at least aperiodically trigger UE to make GNSS measurement and If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used. Contributing companies discussed on details of triggering signalling and the triggering conditions for GNSS measurement triggering.
On details of aperiodically eNB trigger and trigger signalling except MAC CE: 
· Huawei, HiSilicon proposed UE can skip GNSS position fix triggered by eNB, when its GNSS information is still valid. A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to indicate the skipping of triggered GNSS measurement and request validity duration update.
· [bookmark: _Hlk118880074]Spreadtrum proposed the network can trigger the UE to perform GNSS measurements through PDCCH order.
· Samsung proposed for aperiodic GNSS measurement, DCI based triggering signaling should be supported for the case that UL synchronization is lost.

On periodically eNB trigger:
· Nokia, NSB observed that UE may move in a predictable way, e.g. on a ship or train, and proposed to support eNB to configure the UE to make periodic GNSS measurements. 
· Apple proposed RAN1 considers supporting periodic GNSS measurement for UE to re-acquire GNSS position for long connection times and for periodic GNSS measurement, GNSS measurement gap and GNSS measurement periodicity are configured via aperiodic GNSS measurement triggering MAC CE.
· Lenovo proposed triggering the GNSS measurement for both aperiodic and periodic way should be controlled by network.

On triggering conditions: 
· MediaTek observed RAN1 should further discuss how the UE can be kept in connected after GNSS validity expiration if residual transmit timing error after closed-loop timing correction is within the transmit timing error requirements. And proposed eNB can trigger UE to make GNSS measurements 
· if transmit timing error / frequency error above some eNB receiver measurement threshold even after MAC TAC and maybe MAC CE frequency compensation indication sent to UE 
· when GNSS validity duration expires, and eNB configured GNSS measurement fallback Timer T1 has expired
· CATT proposed UE initiating a GNSS measurement with one request command when network triggering is not available.
· Xiaomi proposed to support UE triggering and network triggering both for GNSS measurement.
· Nokia, NSB observed if the UE does not transmit, the eNB is not aware of potential UE movement and therefore only the UE is able to determine the need for a new GNSS position fix and trigger aperiodic GNSS measurement and the UE may detect the mobility state change based on determining the time/frequency difference between a received downlink signal and an estimate based on the last known location. Further, Nokia, NSB proposed to support the UE to request eNB to trigger at least an aperiodic GNSS measurement. Besides, Nokia, NSB proposed to discuss the possibility of eNB extending a UE’s GNSS validity duration timer.
· NEC proposed to support UE triggered GNSS measurement to cater for sudden changes in GNSS validity duration.
· Samsung mentioned to specify the condition of UE triggered GNSS measurement, e.g., GNSS validity timer is expired, there are UL data to transmit, and/or the UL synchronization is lost and specify the condition of eNB triggered GNSS measurement, e.g., GNSS validity timer is expired, there are DL data to transmit and/or the UL synchronization is lost.

Moderator View: The issue for discussion is to align understanding on when and how to start a GNSS measurement in connected. Several ways are mentioned, i.e. DCI/ PDCCH order based trigger, periodically trigger, a NACK to skip eNB trigger signalling. For trigger conditions, serval contributing companies mentioned the case when no timely eNB trigger/network triggering is not available. Further understanding on UE behaviour when there is no timely eNB trigger for GNSS measurements will be helpful. It can be discussed in the next section on the gap and GNSS measurement timer(s) fallback mechanisms for GNSS measurements. For aspects of validity extension for GNSS, to the moderator understanding, it is related to discussions on the closed-loop correction and the new gap or a timer-based mechanism in the other sections. The UE by itself cannot know whether the timing error as measured at the eNB receiver is acceptable even with closed-loop correction applied. 

2.2 First Round Discussion
Initial Proposal 2:
Companies are encouraged to comment on eNB trigger UE to make GNSS measurement:
· Periodically trigger
· PDCCH order/DCI-based trigger signalling
· A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to skip eNB aperiodically trigger with MAC CE

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Ericsson
	As aperiodic triggering via eNB is already supported, periodic triggering is not necessarily needed. However, if periodic triggering is to be supported, it may help reduce signalling overhead for a high-speed UE. Then, perhaps it makes more sense to discuss it jointly with UE-based GNSS triggering as a high-speed UE will know its mobility pattern and can request a periodic GNSS gap configuration from the network.
GNSS position fix trigger will be a rather infrequent and aperiodic command, which can be handled by MAC. We do not support DCI based signalling for the trigger.

A UE shall report its GNSS assistance information after a successful position fix --- otherwise, it will not. We do not think additional mechanism (NACK with SR) is needed.  


	ZTE
	For bullet 1, fine to further discuss.
For bullet 2, not needed.
For bullet 3, not needed. In our view, even if eNB trigger a GNSS measurement, the measurement gap should start upon expiry of GNSS validity duration. In this case, UE will not skip a measurement if it still wants to keep connection to the network. Hence, indication of skipping measurement is not needed.

	Qualcomm
	We do not think any of these are needed.

	Nokia, NSB
	We support bullet 1. 
We think both aperiodic and periodic triggering should be supported considering predictable and unpredictable requirement of GNSS measurement. For the triggering, we think higher layer triggering can be considered with high priority.
For how UE to follow eNB management on GNSS measurement, we think further discussion is needed but mainly UE should report GNSS status to eNB as assistance information of eNB management on GNSS measurement, generally UE should do eNB indicated GNSS action or maybe eNB control of UE behavior will be impacted and causing unexpected result for network.

	OPPO
	To make things simple, no more options for eNB trigger UE to make GNSS measurement are needed.

	Nordic
	We don’t see a need for multiple ways for eNB to trigger GNSS measurements.

	Xiaomi
	For the periodic triggering, we are fine to support.
For the DCI based triggering, it is not needed given that the GNSS measurement is not frequent.
For the acknowledge of the GNSS measurement skipping, it may be useful to make common understanding on the GNSS status. However, detailed scheme can be FFS.

	Huawei, HiSilicon
	The periodically trigger is a little bit confusing as eNB do not need to transmit the trigger periodically to our understanding. Once a UE is configured with periodic GNSS position fix, it performs the measurement and fix autonomously at specific time instance. We suggest to modify the wording of first bullet as periodic GNSS measurement configured by eNB and open to discuss the use case and detail.
For PDCCH order/DCI based trigger signaling, we do not think it is essential considering we already support the aperiodic trigger by MAC CE. As eNB know when GNSS validity expires, it could avoid UE’s UL transmission by schedule the gap earlier before the validity expires. 
As for the 3rd bullet, we think it depends on whether UE is allowed to skip the GNSS measurement triggered by eNB. 

	Apple
	We support Periodically triggering GNSS measurement. 
Regarding the measurement periodicity of periodic GNSS measurement, it is based on the GNSS validation duration. And the periodicity could be updated according to the validation duration applied in the aperiodic triggered measurement. In another word, the GNSS measurement periodicity is adaptive to the validation duration.

	Spreadtrum
	For bullet 1, periodically trigger will increase UE power consumption and decrease throughput. Periodically trigger is not needed.
For bullet 2, In the existing terrestrial network protocol, when uplink is not synchronized, the network can trigger the UE for uplink synchronization through PDCCH order. Similarly, we can use PDCCH order to trigger UE for GNSS measurement to achieve uplink synchronization. We support to introduce PDCCH order trigger signalling. 

	CATT
	MAC CE triggering is enough, no need additional enhancement. So these three bullets are not needed.

	NEC
	We support periodic GNSS measurement and agree with Huawei to modify the wording of first bullet.
Aperiodic via MAC CE is already agreed. Other options are not needed.
Absence of GNSS assistance information can imply GNSS measurement skipping and, therefore, NACK with SR is not needed.

	MediaTek
	For 1st bullet: We think the timer(s)-based GNSS measurement can be considered as a way for Periodically trigger.
For 2nd bullet: MAC-CE is enough, we don’t see a need for PDCCH order/ DCI-based trigger.
For 3rd bullet: Not needed.

	
	




2.3 Summary of First Round Discussion
Companies provided comments on the proposal.
· Ericsson (not strong view), Qualcomm, OPPO, Nordic, Spreadtrum, CATT mentioned Periodically trigger is not needed. Nokia, NSB, Xiaomi, Apple, NEC support Periodically trigger. ZTE, Huawei, HiSilicon are fine to further discuss Periodically trigger. 
· Apple mentioned the GNSS measurement periodicity is adaptive to the validation duration.
· MediaTek mentioned the timer(s)-based GNSS measurement can be considered as a way for Periodically trigger.
· Ericsson, ZTE, Qualcomm, OPPO, Nordic, Xiaomi, MediaTek, CATT, NEC not supported PDCCH order/DCI-based trigger signalling. Spreadtrum supported PDCCH order/DCI-based trigger signalling.
· Ericsson, ZTE, Qualcomm, MediaTek, CATT, NEC mentioned no need for “A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to skip eNB aperiodically trigger with MAC CE”. Nokia, NSB, Xiaomi mentioned for further study.
· Huawei, HiSilicon mentioned it depends on whether UE is allowed to skip the GNSS measurement triggered by eNB.
Table 4 the comments for first round discussion
	Issues
	Pros
	Cons

	Periodically trigger
	[Ericsson]: may help reduce signalling overhead for a high-speed UE
[Nokia, NSB]: considering predictable requirement of GNSS measurement
[Huawei, Hisilicon]: Once a UE is configured with periodic GNSS position fix, it performs the measurement and fix autonomously at specific time instance
	[Ericsson, OPPO]: aperiodic triggering via eNB is already supported, more complicated
[Spreadtrum]: increase UE power consumption and decrease throughput

	PDCCH order/DCI-based trigger signalling
	[Spreadtrum]: when uplink is not synchronized, the network can trigger the UE for uplink synchronization through PDCCH order. Similarly, use PDCCH order to trigger UE for GNSS measurement to achieve uplink synchronization.
	[Ericsson, Xiaomi]: GNSS position fix trigger will be a rather infrequent and aperiodic command
[OPPO]: more complicated

	A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to skip eNB aperiodically trigger with MAC CE
	[Xiaomi]: it may be useful to make common understanding on the GNSS status
	[Ericsson, NEC]: a UE shall report its GNSS assistance information after a successful position fix --- otherwise, it will not



Moderator View: On triggering periodically GNSS measurement, companies provided divergent views, pros and cons are summarized in above table. To the moderator understanding, the timer(s)-based solution can be considered as a way for triggering periodically GNSS measurement, e.g. the GNSS measurement timer(s) can start when GNSS validity duration expires. On PDCCH order/DCI-based trigger signalling, as opponent companies mentioned, GNSS position fix trigger will be a rather infrequent case, the agreed MAC CE is enough and DCI-based solution may involve large spec impact (e.g. new DCI field). On the “A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to skip eNB aperiodically trigger with MAC CE”, RAN1 can further study on whether UE is allowed to skip the GNSS measurement triggered by eNB, and whether the skip can be implicitly indicated by not reported GNSS assistance information.

2.4 Second Round Discussion
FL recommendation 2:
Proponents are encouraged to further discuss offline to get more understanding and support on the following:
· PDCCH order/DCI-based trigger signalling
· A NACK with SR can be feedback corresponding to NPDSCH carrying GNSS position fix trigger to skip eNB aperiodically trigger with MAC CE

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	



3 [bookmark: _Hlk112145899][Closed] Issue #3: GNSS measurement mechanisms in connected 
RAN2-116bis
UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-acquire 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: _Hlk115819629]Agreement (RAN1 109e)
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.

3.1 Company contributing views
	[bookmark: _Hlk115819701]Contribution
	Observation/Proposals

	Huawei, HiSilicon
	Proposal 1: The duration of measurement gap triggered by eNB is carried in the MAC CE. The starting point of the measurement gap is the first subframe that is after subframe k+X+k_mac ,where k is the subframe where the UE would transmit a NPUSCH format 2 with HARQ-ACK information for the NPDSCH carrying the MAC CE for GNSS position fix triggering.

	MediaTek
	Observation 5: “New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements” has lower impact on specifications. 
Proposal 3: Support New configured GNSS timer(s) as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements.

	ZTE
	Proposal 2: For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, the start time of GNSS measurement gap should be set to the expiration time of GNSS validity duration. 
Proposal 3: No scheduling and reception of any signaling is expected by UE during the GNSS measurement gap.
Proposal 4: For GNSS measurement in connected, if UE does not receive eNB trigger to make GNSS measurement, a GNSS measurement timer can be used as a fallback mechanism. 
· The GNSS measurement timer starts at the expiration time of GNSS validity duration.
· The GNSS measurement timer length is equal to GNSS position fix time duration reported by UE. 

	Spreadtrum
	Proposal 1: UE re-acquires GNSS position fix with a new gap should be supported on GNSS measurement in connected.

	Xiaomi
	Proposal 3: The IoT UE can be configured with measurement gap to perform GNSS measurement depending on the UE’s capability.

	OPPO
	Proposal 1: UL MAC-CE activation time is used to determine the GNSS measurement gap starting location.  
Proposal 2: If UE cannot complete the GNSS measurement, the UE should go back to idle.

	Nokia, NSB
	Proposal 9: The UE shall make the GNSS measurement in a gap configured by the eNB. Details of the gap configuration by the eNB are FFS, but shall include at least the measurement duration and start time of the measurement.
Proposal 10: If UE does not receive a trigger from the eNB to make GNSS measurements the UE can transmit a request to the eNB (before expiry of the GNSS validity duration).

	CMCC
	Proposal 1. During long connection times, the GNSS measurement gaps can be applied to update the GNSS position fix in case the GNSS becomes outdated in connected state.
Proposal 2. If GNSS measurement gap is applied to enable a new GNSS position fix during long connection times, the common understanding between UE and eNB that UE may automatically perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame should be achieved.
Proposal 3. Considering the schemes on GNSS measurement gap configuration in connected, GNSS measurement gap can also be configured periodically by network and indicated through RRC signalling.
Proposal 4. If the GNSS measurement is triggered aperiodically by eNB, UE can report the updated GNSS position fix time duration and/or GNSS validity duration before eNB trigger new GNSS measurement, otherwise, eNB will trigger each GNSS measurement based on the original assistance information reported during the initial access stage.
Proposal 5. If GNSS measurement gap is periodically configured by network, the maximum GNSS validity duration and GNSS measurement time duration can be reported to eNB to determine the period and time length of GNSS measurement gap.

	NEC
	Proposal 4: Support signalling transmission to the gNB to inform about UE triggered GNSS measurement.
Proposal 5: Define UE behaviour to perform GNSS measurement if gNB trigger is not received before the end of GNSS validity duration.

	Ericsson
	Observation 2 GNSS acquisition during RLF procedure will only be needed if a UE fails to acquire it during a GNSS measurement gap.
Proposal 5 Support GNSS measurement gaps for IoT NTN UEs in connected mode.

	Apple
	Proposal 1: For aperiodic GNSS measurement triggering, measurement gap and its timing should be carried in the MAC CE. 

	Lenovo
	Proposal 1: Scheduling new gap solution can be supported for UE with long uplink transmission and solution of scheduling new gap to allow UE to refresh its GNSS position fix needs further study.

	Samsung
	Proposal 4: For eNB triggered GNSS measurement, a GNSS measurement window needs to be defined. And, the length of GNSS measurement window can be configured by RRC signaling.

	Qualcomm
	Observation 9: GNSS measurement in connected mode should be considered a fallback procedure (as opposed to a routine, expected occurrence), e.g., when closed-loop time and frequency commands fail to maintain uplink synchronization in time and frequency within stipulated requirements.
Proposal 6: A UE may re-acquire GNSS as part of a “recovery” procedure before the declaration of an eventual RLF (if the recovery fails within a certain time), in a similar fashion to Release 17 recovery procedures for ephemeris and common TA parameters upon validity expiry.
Proposal 7: The network shall indicate whether it supports UE behavior associated with connected mode GNSS measurements, as part of a recovery procedure upon expiry of GNSS validity.
· This avoids backwards compatibility issues w.r.t a Rel 17 base-station, that always expects UEs to go to IDLE mode upon GNSS validity expiry. 



In RAN1#109 it was agreed
Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 
· Option 1: UE re-acquires GNSS position fix during RLF procedure
· Option 2: UE re-acquires GNSS position fix with a new gap 
Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
And the moderator made the following proposal discussed in RAN1 #110bis-e without consensus.
2nd Checkpoint Proposal 3a
For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
[bookmark: _Hlk118826167]New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements
· FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)
[bookmark: _Hlk118880619]To the moderator understanding, in RAN1#110 it was clarified that the Rel-17 solution to re-acquire the SIB in RRC_CONNECTED based on a new timer is not part of the RLF procedure. The second bullet with new timer mechanism can be used with a new timer for re-acquisition of GNSS measurements in RRC_CONNECTED without change to RLF procedure, as discussed in RAN1#110bis-e, the connected UE does not initiate RLF procedure and keeps in RRC_CONNECTED to re-acquire GNSS measurement (this is different from Option 1 in RAN1#109 agreement as copied above).
Updated Option 1(Option 3): New configured GNSS timer(s)
MediaTek, ZTE, NEC, Qualcomm proposed proposals for new configured GNSS timer(s). 
· MediaTek illustrated in Figure 2 from R1-2211096 for two mechanisms of GNSS measurement in connected. MediaTek supported “New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurements” with lower impact on specifications. Further clarified on new configured GNSS timer(s) mechanism, the eNB can configure new GNSS measurement timer(s) for the UE to re-acquire GNSS measurement. When new GNSS measurement fallback timer T1 expires and eNB doesn’t trigger GNSS measurement for UE, then UE will stay in connected and start the new GNSS measurement timer T2 for UE re-acquire GNSS position fix and re-synchronize on DL, then it can reset the timers T1 and T2. 
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Figure 2: Two options for GNSS measurement in connected

· ZTE proposed for GNSS measurement in connected, if UE does not receive eNB trigger to make GNSS measurement, a GNSS measurement timer can be used as a fallback mechanism, where the GNSS measurement timer starts at the expiration time of GNSS validity duration, and the GNSS measurement timer length is equal to GNSS position fix time duration reported by UE. 
· NEC mentioned the intention of configuring new GNSS timer(s) is to prevent a UE from going to IDLE mode in case it doesn’t receive a command in time, and/or misses a command and GNSS validity has expired and proposed to define UE behaviour to perform GNSS measurement if eNB trigger is not received before the end of GNSS validity duration.
· Ericsson mentioned GNSS acquisition during RLF procedure will only be needed if a UE fails to acquire it during a GNSS measurement gap
· Qualcomm observed GNSS measurement in connected mode should be considered a fallback procedure (as opposed to a routine, expected occurrence), e.g., when closed-loop time and frequency commands fail to maintain uplink synchronization in time and frequency within stipulated requirements. Qualcomm proposed a UE may re-acquire GNSS as part of a “recovery” procedure before the declaration of an eventual RLF (if the recovery fails within a certain time), in a similar fashion to Release 17 recovery procedures for ephemeris and common TA parameters upon validity expiry. The network shall indicate whether it supports UE behavior associated with connected mode GNSS measurements, as part of a recovery procedure upon expiry of GNSS validity (this avoids backwards compatibility issues w.r.t a Rel 17 base-station, that always expects UEs to go to IDLE mode upon GNSS validity expiry).

Option 2: A new measurement gap
Huawei, HiSilicon, ZTE, Spreadtrum, Xiaomi, OPPO, CMCC, Nokia, NSB, Ericsson, Apple, Lenovo, Samsung proposed proposals for a new GNSS measurement gap. 
· Huawei, HiSilicon mentioned the duration of measurement gap triggered by eNB is carried in the MAC CE. The starting point of the measurement gap is the first subframe that is after subframe k+X+k_mac ,where k is the subframe where the UE would transmit a NPUSCH format 2 with HARQ-ACK information for the NPDSCH carrying the MAC CE for GNSS position fix triggering.
· ZTE proposed for GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, the start time of GNSS measurement gap should be set to the expiration time of GNSS validity duration and no scheduling and reception of any signaling is expected by UE during the GNSS measurement gap.
· Xiaomi proposed IoT UE can be configured with measurement gap to perform GNSS measurement depending on the UE’s capability.
· OPPO mentioned a UL MAC-CE activation time is used to determine the GNSS measurement gap starting location. And if UE cannot complete the GNSS measurement, the UE should go back to idle.
· Nokia, NSB mentioned the UE shall make the GNSS measurement in a gap configured by the eNB. Details of the gap configuration by the eNB are FFS, but shall include at least the measurement duration and start time of the measurement and if UE does not receive a trigger from the eNB to make GNSS measurements the UE can transmit a request to the eNB (before expiry of the GNSS validity duration).
· CMCC proposed during long connection times, the GNSS measurement gaps can be applied to update the GNSS position fix in case the GNSS becomes outdated in connected state and the common understanding between UE and eNB that UE may automatically perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame should be achieved in the gap. GNSS measurement gap can also be configured periodically by network and indicated through RRC signalling. UE can report the updated GNSS position fix time duration and/or GNSS validity duration before eNB trigger new GNSS measurement, otherwise, eNB will trigger each GNSS measurement based on the original assistance information reported during the initial access stage. If GNSS measurement gap is periodically configured by network, the maximum GNSS validity duration and GNSS measurement time duration can be reported to eNB to determine the period and time length of GNSS measurement gap.
· Apple mentioned for aperiodic GNSS measurement triggering, measurement gap and its timing should be carried in the MAC CE.
· Samsung mentioned for eNB triggered GNSS measurement, a GNSS measurement window needs to be defined. And the length of GNSS measurement window can be configured by RRC signaling.

[bookmark: OLE_LINK9][bookmark: _Hlk116310796]Moderator View: As mentioned by contributing companies, the new gap mechanism can be utilized when eNB trigger signalling is received, while when there is no eNB trigger signalling or when UE fails to re-acquire GNSS position fix in the gap, the timer(s) mechanism can be utilized. The timer(s) can be configured by eNB like the specified timer-based solution T317 and T318 to re-acquire SIB31 in RRC_CONNECTED in Rel-17. The connected UE re-acquires GNSS position fix with new timer(s) mechanism can be seen as a new Option 3 as discussed in RAN1#110bis-e, where the connected UE does not initiate RLF procedure and keeps in RRC_CONNECTED to re-acquire GNSS measurements. On expiry of new GNSS timer(s), the UE can trigger GNSS measurements. Since the new GNSS timer(s) are configured by the network, the UE and eNB can have same understanding. To the moderator understanding, the two mechanisms for re-acquiring GNSS measurement, with the gap or with the GNSS measurement timer(s), can be complementary.  

3.2 First Round Discussion
[bookmark: _Hlk102751957]Initial Proposal 3:
For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurement
· FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)

Companies are encouraged to provide comments in the table. When providing comments, companies are encouraged to discuss jointly the “gap” and “GNSS timer(s) fallback mechanism”. Companies that are not supporting GNSS timer(s) are also encouraged to comment on why a fallback mechanism with new GNSS timer(s) is not needed in case UE does not get eNB trigger timely.

	Companies
	Comments

	Ericsson
	Support

	ZTE
	Support. We think new GNSS timer for UE which does not receive eNB trigger should be supported as fallback mechanism. Even if UE does not successfully receive the eNB trigger, e.g., due to detection failure, UE still has the opportunity to keep UL synchronization instead of directly go to IDLE mode.

	Qualcomm
	We support this proposal with a wording change in the 2nd paragraph: 
The UE may reacquire GNSS autonomously New configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurement
· FFS details of timer(s) used for this fallback mechanisms – e.g. configuration, when to start/re-start timer(s)


	Nokia, NSB
	We only support the first part of Initial Proposal 3, i.e. gap based GNSS measurement.
We do not support the proposed fallback UE automatic GNSS behavior. If UE missed GNSS triggering from eNB, then we can discuss how UE to request or called triggering GNSS measurement from eNB but UE behavior should be in control of network.

	OPPO
	OK

	Nordic
	We are fine with the first part of the Initial Proposal 3. For the second part, we don’t support timer based fallback mechanism. 

	Xiaomi
	For the measurement gap, we are supportive.
For the timer-based solution, we want to see more details on how this works and how the common understanding on the timer can be guaranteed.

	Huawei, HiSilicon
	Support 1st part of the proposal related to measurement gap based GNSS position fix. 
As 2nd part of the proposal, we think UE initiated GNSS position fix could be supported. But whether to introduce a timer and only allow UE to perform autonomous GNSS position after validity duration expires should be FFS. 

	Apple
	We agree the first part of the proposal.
For the second part of proposal. we consider the periodic GNSS measurement should be applied. Normally, the GNSS fix measurement time and validity duration would not change, then GNSS fix measurement periodicity is keeping the same. if the UE reported the validity duration is changed, gNB can trigger the aperiodic GNSS measurement, and the periodicity of GNSS measurement will be updated accordingly. But for timer-based scheme, the timer will not change or is changed by RRC signaling. It could not dynamically change to adapt validation duration update. In some cases, the GNSS validation duration is getting longer, e.g., time/frequency error correction, but timer is expired, UE has to perform GNSS measurement even it’s not required. So, form the efficiency perspective, timer-bases scheme is worse than periodic trigger.   

	Spreadtrum
	We support the proposal.

	CATT
	We can agree the first part.
For the second part, timer based triggering is not needed, because gNB should be aware of UE implementation behaviours, rather than allow UE to do GNSS measurement autonomously. 

	NEC
	Support the proposal with wording change as suggested by Qualcomm

	MediaTek
	Support.

	
	

	
	

	
	



3.3 Summary of First Round Discussion
Companies provided valuable comments on the proposal for GNSS measurement mechanisms.
Table 5 the comments on GNSS measurement mechanisms for first round discussion
	Contribution
	Support
	Not support
	Comments

	Ericsson
	√
	
	

	ZTE
	√
	
	New GNSS timer for UE should be supported as fallback mechanism. Even if UE does not successfully receive the eNB trigger, e.g., due to detection failure, UE still has the opportunity to keep UL synchronization instead of directly go to IDLE mode.

	Qualcomm
	√
	
	

	Nokia, NSB
	√
	
	Support the part of gap based GNSS measurement.
If UE missed GNSS triggering from eNB, then further discuss how UE to request or called triggering GNSS measurement from eNB but UE behavior should be in control of network.

	OPPO
	√
	
	

	Nordic
	√
	
	Support the part of gap based GNSS measurement.

	Xiaomi
	√
	
	Support the part of gap based GNSS measurement.
More details are needed on how this works and how the common understanding on the timer can be guaranteed.

	Huawei, HiSilicon
	√
	
	Support the part of gap based GNSS measurement.
UE initiated GNSS position fix could be supported. But whether to introduce a timer and only allow UE to perform autonomous GNSS position after validity duration expires should be FFS.

	Apple
	√
	
	Support the part of gap based GNSS measurement.
The periodic GNSS measurement should be applied. Normally, the GNSS fix measurement time and validity duration would not change, then GNSS fix measurement periodicity is keeping the same. if the UE reported the validity duration is changed, gNB can trigger the aperiodic GNSS measurement, and the periodicity of GNSS measurement will be updated accordingly. But for timer-based scheme, the timer will not change or is changed by RRC signaling. It could not dynamically change to adapt validation duration update. In some cases, the GNSS validation duration is getting longer, e.g., time/frequency error correction, but timer is expired, UE has to perform GNSS measurement even it’s not required. So, form the efficiency perspective, timer-bases scheme is worse than periodic trigger.

	Spreadtrum
	√
	
	

	CATT
	√
	
	Support the part of gap based GNSS measurement.
gNB should be aware of UE implementation behaviours, rather than allow UE to do GNSS measurement autonomously.

	NEC
	√
	
	

	MediaTek
	√
	
	



Moderator View: As discussed in the offline discussion, the configured GNSS timer(s) mechanism is utilized as a fallback mechanism if UE does not receive eNB trigger. The timer(s) can be configured by eNB, where UE and eNB can have same understanding on the timer(s), like the specified timer-based solution T317 and T318 to re-acquire SIB31 in RRC_CONNECTED in Rel-17, e.g. the GNSS measurement timer can start at the expiry of (updated) GNSS validity duration. The connected UE re-acquires GNSS position fix with new timer(s) mechanism can be seen as a new Option 3 as discussed in RAN1#110bis-e, where the connected UE does not initiate RLF procedure and keeps in RRC_CONNECTED to re-acquire GNSS measurements. 

3.4 Second Round Discussion
Second Round Proposal 3:
For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE re-acquires GNSS autonomously based on configured timer(s) as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurement
· FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)

3.5 Summary of Second Round Discussion
The proposal discussed online with following agreement.

Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing 

4 [bookmark: _Hlk112145881][Active] Issue #4: GNSS assistance information
The moderator recalls the agreements for GNSS assistance information.
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 (RAN1 109-e):
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 
· Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.

Agreement (RAN1 110):
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement (RAN1 110bis-e):
UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 

Agreement (RAN1 110bis-e):
In connected mode, UE may report GNSS validation duration with MAC CE.

[bookmark: OLE_LINK14][bookmark: OLE_LINK13]RAN2-118
A new parameter for remaining GNSS validity duration is introduced in Msg5, e.g. RRCConnectionResumeComplete, RRCConnectionSetupComplete and RRCreestablishmentComplete messages, and the parameter refers to the time of message transmission.
Can discuss offline whether to expand the granularity of the value range, but if no convergence will implement the R1 proposal from the LS. 
P1: The value range of the remaining GNSS validity duration should include the values proposed by RAN1 , i.e. {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}. 
P3: The new parameter for remaining GNSS validity duration is introduced in the following Msg5 messages: RRCConnectionResumeComplete, RRCConnectionSetupComplete, RRCreestablishmentComplete RRCConnectionResumeComplete-NB, RRCConnectionSetupComplete-NB, RRCreestablishmentComplete-NB.
P4: The new parameter for remaining GNSS validity duration is introduced in RRCConnectionReconfigurationComplete for MTC Handover.
P5: No new RRC release cause “GNSS invalidity” is introduced in RRC Release.
This mechanism is not configurable, and the UE always reports.  

4.1 Company contribution views
	[bookmark: _Hlk115821963]Contribution
	Observation/Proposals

	Huawei, HiSilicon
	Proposal 3: After GNSS position fix, UE indicate success of GNSS position fix. UE is not required to report if GNSS position fails in the measurement gap.
Proposal 4: UE reports the GNSS position fix time duration, including those for hot, warm and cold mode respectively, in the message of UECapabilityInformation-NB together with the support of GNSS position fix during connnection.
Proposal 5: The minimum value of measurement gap reported by UE can be zero, implying the capability of simultaneous cellular and GNSS operation.

	CATT
	Proposal 3: UE should send the UL PRACH signal to indicate network when the GNSS measurement is completed.

	Xiaomi
	Proposal 1: UE reports the capability related to the non-simultaneously GNSS and NTN NB-IoT/eMTC operation.

	OPPO
	Proposal 3: UE needs to perform RACH procedure after accomplishing the GNSS measurement to inform the eNB that the measurement is accomplished.

	Nokia, NSB
	Proposal 2: Support eNB to broadcast multiple GNSS measurement configurations and UE to report which configuration it applies.
Observation 5: The UE may move and/or the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration.
Proposal 6: RAN1 to discuss UE reporting GNSS position fix time duration if the duration has changed since the initial access stage report.
Observation 6: The UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration.
Observation 7: GNSS reacquisition may not always be needed if the UE has been RRC Idle for a short period during a long connection.
Proposal 7: RAN1 to discuss how UE can trigger the reporting of GNSS validity duration, including after a GNSS measurement and after a short period in RRC Idle.

	[bookmark: _Hlk115801492]InterDigital
	Proposal 1: Introduce a new ‘GNSS acquisition assistance information MAC CE’ to report GNSS validity duration in connected mode.
Observation 1: Both validity duration and position fix time duration can vary dynamically based on UE characteristics (e.g. surroundings, UE speed).
Proposal 2: In connected mode, UE may also optionally report GNSS position fix time duration via the new GNSS acquisition assistance information MAC CE (e.g. if the current value has changed since the previous report during initial access).
Proposal 3: In connected mode, GNSS assistance information MAC CE is at least sent upon NW request. FFS other reporting trigger conditions.

	Ericsson
	Proposal 7 Upon GNSS timer expiry, a UE in connected mode should report the GNSS assistance information after GNSS reacquisition if configured by the network.
Proposal 8 If a UE in connected mode has already reported its GNSS assistance information to the network, the UE may not be required to report it again during the same connection provided that the GNSS assistance information is expected to remain unchanged.
Proposal 9 UE to report its GNSS measurement time duration in connected mode using a 2-bit field from the following set of values: {1, 2, 5, X} seconds, where X is FFS.



It has been agreed for GNSS assistance information that UE reports to eNB at least consists of: GNSS position fix time duration for measurement and GNSS validity duration; UE reports GNSS position fix time duration for measurement at least during the initial access stage (which message carries this information is up to RAN2); in connected mode, UE may report GNSS validation duration with MAC CE. On detailed/other information of UE reported GNSS assistance information and when/ how to report, several options are proposed by contributing companies.
On detailed/other information of UE reported GNSS assistance information
[bookmark: _Hlk115824112]Option 1: success/completion of GNSS position fix
· Huawei, HiSilicon mentioned after GNSS position fix in connected, UE indicate success of GNSS position fix and UE is not required to report if GNSS position fails in the measurement gap.
· [bookmark: _Hlk115822577]CATT proposed UE should send the UL PRACH signal to indicate network when the GNSS measurement is completed.
· OPPO mentioned UE needs to perform RACH procedure after accomplishing the GNSS measurement to inform the eNB that the measurement is accomplished.
[bookmark: _Hlk115824194]Option 2: UE capability of simultaneous cellular and GNSS operation 
· Huawei, HiSilicon proposed UE to imply the capability of simultaneous cellular and GNSS operation with the minimum value of measurement gap reported by UE be zero.
· Xiaomi proposed UE reports the capability related to the non-simultaneously GNSS and NTN NB-IoT/eMTC operation.
Option 3: Indicate configuration of GNSS measurement.
· [bookmark: _Hlk118838334]Nokia, NSB mentioned eNB to broadcast multiple GNSS measurement configurations and UE to report which configuration it applies.
Option 4: GNSS position fix time duration
· InterDigital mentioned UE may optionally report GNSS position fix time duration via the new GNSS acquisition assistance information MAC CE (e.g. if the current value has changed since the previous report during initial access).
· Ericsson proposed UE to report its GNSS measurement time duration in connected mode using a 2-bit field from the following set of values: {1, 2, 5, X} seconds, where X is FFS.
Option 5: no report if same information as the latest reported one.
· Ericsson proposed if a UE in connected mode has already reported its GNSS assistance information to the network, the UE may not to be required to report it again during the same connection provided that the GNSS assistance information is expected to remain unchanged.

[bookmark: _Hlk115823883]On when/how UE should report the GNSS assistance information:
· Huawei, HiSilicon proposed UE reports the GNSS position fix time duration, including those for hot, warm and cold mode respectively, in the message of UECapabilityInformation-NB together with the support of GNSS position fix during connection.
· Nokia, NSB observed the UE may move and/or the propagation conditions may change and therefore cause a change in the required GNSS position fix time duration and proposed to discuss UE reporting GNSS position fix time duration if the duration has changed since the initial access stage report. Nokia, NSB further observed the UE’s mobility state/location may change and therefore cause a change in the expected GNSS validity duration and GNSS reacquisition may not always be needed if the UE has been RRC Idle for a short period during a long connection and proposed to discuss how UE can trigger the reporting of GNSS validity duration, including after a GNSS measurement and after a short period in RRC Idle.
· InterDigital proposed a new ‘GNSS acquisition assistance information MAC CE’ to report GNSS validity duration in connected mode and GNSS assistance information MAC CE is at least sent upon NW request. FFS other reporting trigger conditions.
· Ericsson proposed upon GNSS timer expiry, a UE in connected mode should report the GNSS assistance information after GNSS reacquisition if configured by the network.

Moderator View: On detailed/other information of UE reported, several information mentioned by contributing companies, e.g., success/ completion of GNSS position fix, UE capability of simultaneous cellular and GNSS operation, indicate configuration of GNSS measurement, GNSS position fix time duration in connected, no report if same information as the latest reported one. On when/how UE should report the GNSS assistance information, they are associated with issue 3, and can be further discussed.

4.2 First Round Discussion
[bookmark: _Hlk102482983]Initial Proposal 4-1:
In connected, UE indicates success/completion of GNSS position fix after re-acquiring GNSS measurement.
FFS: details

Initial Proposal 4-2:
Companies are encouraged to comment on whether GNSS position fix time duration needs to be reported in connected.

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Ericsson
	4-1: We do not support this proposal as the UE will already be reporting the GNSS assistance information following a successful GNSS position fix. If the position fix is not successful, it will not report the assistance information. So, no additional signalling is needed. Moreover, if the GNSS position fix fails, can the UE even communicate on the UL (it is likely that the GNSS validity timer will also have expired)? 
4-2: We do not understand this proposal. There is already an agreement that the UE will report its GNSS position fix time duration during initial access stage. If the FL means to discuss if it should be included in later GNSS assistance reports as well, then we think that it is not necessary as the GNSS TTFF is not expected to change during the connection.  


	ZTE
	For 4-1, not needed. The transmission can be continued after the GNSS measurement. If the measurement is failed, since network cannot receive the indication from UE, nothing is different. If the measurement is successful, directly continue the scheduling is enough and can further reduce the latency.
For 4-2, GNSS position fix time is not needed to be reported in connected. The GNSS position fix time duration is up to chipset and is stable. Only report in initial access stage is enough.

	Nokia, NSB
	4-1: Fine.
4-2: when UE’s GNSS receiving status is changed, the GNSS position fix time duration will also change accordingly. In this case, UE should update report it to eNB to have common understanding.

	OPPO
	4-1: Fine with the proposal.
4-2: Not needed.

	Xiaomi
	We are supportive to proposal 4-1. for proposal 4-2, our understanding is that the GNSS position fix time duration may be changed subject to the change of the UE’s mobility pattern/channel condition, we are fine to support reporting the updated information during the connected.

	Huawei, HiSilicon
	Support proposal 4-1.
For proposal 4-2, we think the report of GNSS position fix duration is not necessary after connection is established. Although there is cold/warm/hot start at UE, eNB may know which mode UE may operate according to the interval between two consecutive measurement. As long as a UE report the duration of measurement for each mode, eNB can schedule the length of the measurement for each trigger accordingly. 

	Apple
	4-1: As we already agreed UE report the GNSS validation duration already, addition report is not really needed.
4-2: we are not sure why GNSS position fix time duration will change in RRC connected mode.

	Spreadtrum
	We are fine with proposal 4-1.
For proposal 4-2, there is no need to report GNSS position fix time duration in connected. 

	CATT
	We are supportive to proposal 4-1.
For proposal 4-2, the GNSS duration should not be changed frequently, so no need to report it after GNSS measurement completion. 

	NEC
	4-1: GNSS validity duration can indicate success/completion of GNSS position fix. Additional signalling is not needed.
4-2: Fine to support

	MediaTek
	On 4-1: OK. 
On 4-2: Not needed in connected. We think reporting GNSS position fix time duration once during initial access phase is enough.

	
	

	
	



4.3 Summary of First Round Discussion
Companies provided valuable comments on the two proposals.
On UE indicates success/completion of GNSS position fix:
The comments are summarized as following table. 9/13 supported, 4/13 not supported.
Table 6 the comments on UE indicates success/completion of GNSS position fix for first round discussion
	Contribution
	Support
	Not support
	Comments

	Ericsson
	
	×
	[Ericsson, ZTE, NEC]: If the position fix is successful, UE will be reporting the GNSS assistance information/directly continue the scheduling. If the position fix is not successful, it will not report the assistance information.
[Apple]: UE report the GNSS validation duration already, addition report is not really needed

	ZTE
	
	×
	

	Nokia, NSB
	√
	
	

	OPPO
	√
	
	

	Xiaomi
	√
	
	

	Huawei, HiSilicon
	√
	
	

	Apple
	
	×
	

	Spreadtrum
	√
	
	

	CATT
	√
	
	

	NEC
	
	×
	

	MediaTek
	√
	
	



On whether GNSS position fix time duration needs to be reported in connected:
Ericsson, ZTE, OPPO, Huawei, HiSilicon, Apple, Spreadtrum, CATT, MediaTek not supported to report GNSS position fix time duration in connected. Nokia, NSB, Xiaomi, NEC supported to report GNSS position fix time duration in connected.
· Ericsson mentioned the GNSS TTFF is not expected to change during the connection. ZTE and MediaTek mentioned the GNSS position fix time duration is up to chipset and is stable and only report in initial access stage is enough. 
· Huawei, HiSilicon mentioned although there is cold/warm/hot start at UE, eNB may know which mode UE may operate according to the interval between two consecutive measurement. As long as a UE report the duration of measurement for each mode, eNB can schedule the length of the measurement for each trigger accordingly.
· Nokia, NSB mentioned when UE’s GNSS receiving status is changed, the GNSS position fix time duration will also change accordingly. In this case, UE should update report it to eNB to have common understanding. Xiaomi mentioned the GNSS position fix time duration may be changed subject to the change of the UE’s mobility pattern/channel condition.

Moderator View: On UE indicates success/completion of GNSS position fix, majority companies supported. To the moderator understanding, the GNSS position fix may need seconds where UE may lose UL synchronization, e.g. 1 or 2 seconds for hot start. If UL synchronization is lost, a RACH may be needed before UE can transmit GNSS assistance information, otherwise, if UL synchronization is kept, UE can transmit GNSS assistance information to implicitly indicate success/completion of GNSS position fix. On whether GNSS position fix time duration needs to be reported in connected, majority companies not supported to report additional GNSS position fix time duration in connected. To the moderator understanding, the GNSS position fix time duration UE report can be a relaxed one and is stable. RAN1 can further study whether there are cases when GNSS position fix time duration will have obvious change.

4.4 Second Round Discussion
Second Round Proposal 4a:
In connected, UE may report new GNSS validity duration to indicate success/completion of GNSS position fix after re-acquiring GNSS measurement.
FFS: details
· Option 1: explicitly
· Option 2: implicitly

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Moderator
	Update the proposal according to offline discussion on Wednesday.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




5 [Active] Issue #5: GNSS measurement and C-DRX 
5.1 Company contributing views
	Contribution
	Observation/Proposals

	Huawei, HiSilicon
	Proposal 6: Support UE autonomously perform GNSS position fix during the inactive state of UE’s C-DRX when DL/UL idle period is longer than the GNSS measurement duration. UE could report the successful GNSS position fix and validity duration update, if applicable based on the measurement not triggered by network.

	MediaTek
	Proposal 4: UE can re-acquire GNSS position fix autonomously during inactive state of Connected DRX.

	ZTE
	Proposal 5: UE is supported to re-acquire GNSS during inactive state of C-DRX right before switch to active time. The time for GNSS re-acquisition should be specified to achieve consensus between UE and eNB.

	Nokia, NSB
	Observation 8: Inactive state of C-DRX may not occur at all or be shorter than expected due to extension of the active state because of new data and retransmissions.
Observation 9: Connected DRX is configured via RRC and if the DRX cycle is frequently changed from >2 s (to accommodate the GNSS position fix time duration) to something shorter (to reduce communication delay and efficiently use the satellite availability) the overhead and delay is large.
Observation 10: RRM measurement gaps may occur during the inactive state of Connected DRX and therefore prohibit the GNSS measurement.
Observation 11: UE may need to reacquire SIB31 during the inactive state of Connected DRX and is therefore not able to perform the GNSS measurement.
Proposal 8: RAN1 shall not specify UE can perform autonomous GNSS position fix during the inactive state of Connected DRX.

	Ericsson
	Proposal 6 The discussion on supporting UE-triggered GNSS measurements during the inactive mode of C-DRX should be left to RAN2.

	Apple
	Proposal 4: UE can re-acquire GNSS position fix during inactive state of C-DRX.



The GNSS measurement and C-DRX issue was discussed in RAN1 110bis-e without consensus. The moderator made FL recommendation for this issue.
	FL recommendation – 5 from R1-2210564
For UE during long connection times, RAN1 evaluates whether UE can re-acquire GNSS position fix during inactive state of Connected DRX, and whether there is spec impact.


Contributing companies’ comments are summarized in following table. 
Table 2 the comments on support UE autonomously perform GNSS measurement during the inactive state of C-DRX
	Contribution
	Support
	Not support
	Comments

	Huawei, HiSilicon
	√
	
	According to the current design of C-DRX timer, the maximum duration of DL/UL idle period is 32 PDCCH periods and the maximum PDCCH periods is 64 times of the duration required for the maximum repetition number. The corresponding DL/UL idle period can be as long as 1310s. During the inactive state, UE is not required to transmit and receiving, including system information and paging. UE can autonomously perform GNSS position fix during the inactive state of UE’s C-DRX when DL/UL idle period is longer than the GNSS measurement duration. UE could report the successful GNSS position fix and validity duration update, if applicable based on the measurement not triggered by network.

	MediaTek
	√
	
	It has been agreed in Rel-17 that UE may need to re-acquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection and similar way can be reused for Rel-18 inactive state of C-DRX. UE can re-acquire GNSS position fix autonomously during inactive state of Connected DRX.

	ZTE
	√
	
	It is beneficial to let UE require GNSS position fix during inactive state of C-DRX, which will guarantee valid GNSS duration and not affect the normal transmission in active time. Note that the PDCCH detection in inactive state of DRX, e.g., PDCCH detection for paging, is designed for IDLE DRX. In Connected DRX, UE will not detect such signal before switching to active state. UE is supported to re-acquire GNSS during inactive state of C-DRX right before switch to active time. The time for GNSS re-acquisition should be specified to achieve consensus between UE and eNB.

	Nokia, NSB
	
	×
	Inactive state of C-DRX may not occur at all or be shorter than expected due to extension of the active state because of new data and retransmissions. Connected DRX is configured via RRC and if the DRX cycle is frequently changed from >2 s (to accommodate the GNSS position fix time duration) to something shorter (to reduce communication delay and efficiently use the satellite availability) the overhead and delay is large. RRM measurement gaps may occur during the inactive state of Connected DRX and therefore prohibit the GNSS measurement. UE may need to reacquire SIB31 during the inactive state of Connected DRX and is therefore not able to perform the GNSS measurement.

	Ericsson
	
	
	The discussion on supporting UE-triggered GNSS measurements during the inactive mode of C-DRX should be left to RAN2.

	Apple
	√
	
	It is possible the scheduled GNSS measurement gap may occur in the middle of inactive state of UE’s C-DRX. If UE performs GNSS based on the scheduled GNSS measurement gap, it is a waste since the measured GNSS information is not going to be used in the remaining duration of the inactive state of UE’s C-DRX. For this case, UE may adjust GNSS measurement timing to finish the GNSS measurement right before UE is on active state



Moderator View: Majority contributing companies support that UE can re-acquire GNSS position fix during inactive state of Connected DRX. To the moderator understanding, UE re-acquires GNSS position fix during inactive state of Connected DRX is beneficial to avoid interruption during the connection, when the configuration of the inactive mode of C-DRX is possible for UE to do GNSS measurement. Since connected DRX is in scope of RAN2 discussions, RAN1 can leave it to RAN2 to discuss aspects of connected DRX for re-acquisition of GNSS position fix during inactive state of Connected DRX.

5.2 First Round Discussion
Initial Proposal 5:
Companies are encouraged to comment on whether UE can re-acquire GNSS position fix during inactive state of Connected DRX can be left to RAN2.

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Ericsson
	Support that it should be up to RAN2 to discuss.

	ZTE
	This issue is a part of the GNSS measurement issue. The GNSS position fix will also affect the maintenance of GNSS validity timer. Therefore, RAN1 should discuss this issue to achieve unified solution on GNSS measurement in connected mode, instead of simply leave it to RAN2.

	Nokia, NSB
	Generally we are ok to leave the discussion to RAN2, although we think there are many limitation/impact if it is MUST for UE to perform GNSS measurement during inactive state of C-DRX.

	Xiaomi
	Fine to leave it to RAN2.

	Huawei, HiSilicon
	We think it is beneficial to support GNSS position fix during inactive state of C-DRX as it can save the time in active for communication. As the concerns on the RRM and SIB reception, we think the timing of all these procedures are preconfigured. UE can determine whether the duration of GNSS measurement can be accommodated in the inactive duration. 
We think RAN1 could discuss whether to allow GNSS during CDRX inactive and leave the investigation of standard impact in RAN1/2 after we agree to support it. 

	Apple
	We also think this issue should make it clear in RAN1 first, it could impact the starting point of validation duration. 

	CATT
	In our view, if UE receives the triggering from the network, UE can choose which slot to do GNSS measurement. RAN2 can further discuss related issue.

	MediaTek
	We support UE can re-acquire GNSS position fix autonomously during inactive state of Connected DRX and we are fine to leave it to RAN2.

	
	

	
	

	
	



5.3 Summary of First Round Discussion
On whether UE can re-acquire GNSS position fix during inactive state of Connected DRX can be left to RAN2:
Ericsson, Xiaomi, Nokia, NSB, MediaTek, CATT are fine to leave it to RAN2.
ZTE, Huawei, HiSilicon, Apple proposed RAN1 discussed it first.
ZTE further commented that GNSS position fix will affect the maintenance of GNSS validity timer.
Nokia, NSB mentioned there are many limitation/impact if it is MUST for UE to perform GNSS measurement during inactive state of C-DRX.
Huawei, HiSilicon mentioned it is beneficial to support GNSS position fix during inactive state of C-DRX as it can save the time in active for communication. As the concerns on the RRM and SIB reception, the timing of all these procedures are preconfigured. UE can determine whether the duration of GNSS measurement can be accommodated in the inactive duration. 
MediaTek mentioned support UE can re-acquire GNSS position fix autonomously during inactive state of Connected DRX.

[bookmark: _Hlk119518175]Moderator View: To the moderator understanding, UE re-acquires GNSS position fix during inactive state of Connected DRX is beneficial to avoid interruption during the connection, when the configuration of the inactive mode of C-DRX is possible for UE to do GNSS measurement. And RAN1 can discuss it from RAN1 perspective, then RAN1 can leave it to RAN2 to discuss standard impact or details considering RAN1 consensus.

5.4 Second Round Discussion
Second Round Proposal 5a:
From RAN1 perspective, UE can autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
FFS: when UE can re-acquire GNSS position fix during inactive state of Connected DRX

Companies are encouraged to provide comments within the following table:
	Companies
	Comments

	Moderator
	Update the proposal according to offline discussion on Wednesday.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




6 [Low Priority] MISC 
The WID objective is copied below for reminder
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]
Based on the moderator understanding of the Rel-18 IoT NTN WID objectives and conclusions / agreements in Rel-17 IoT NTN Work Item, the following FL recommendations are made for sub-sections 6.1, 6.2.
6.1 GNSS measurement and long period of downlink/uplink repetitions
6.1.1 Company contributing views
	Contribution
	Observation/Proposals

	Nokia, NSB
	Observation 4: There may be a need for a GNSS measurement during a long period of downlink/uplink repetitions.
Proposal 4: RAN1 to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.

	NEC
	Proposal 2: Support periodic GNSS measurement during long UL repetition to guarantee that GNSS validity duration does not expire.



Nokia, NSB observed there may be a need for a GNSS measurement during a long period of downlink/uplink repetitions and proposed to discuss handling a GNSS measurement during a long period of downlink/uplink repetitions.
NEC proposed to support periodic GNSS measurement during long UL repetition to guarantee that GNSS validity duration does not expire.

Moderator View: TR 36.763 mentioned for GNSS Position Time To First Fix (TTFF), Hot start will be 1s or 2s, Warm start will be several seconds, Cold start will be 30s. It has been agreed in RAN1 #110bis-e, that eNB can at least aperiodically trigger UE to do GNSS measurement. To the moderator understanding, for long period of downlink/uplink repetitions, eNB can aperiodically trigger UE to make GNSS measurement and have a valid GNSS with GNSS validity duration longer than period of downlink/uplink repetitions, if needed. And considering no simultaneous IOT module and GNSS module, re-acquiring GNSS measurement during long period of downlink/uplink repetitions may lead to interruption of repetitions transmission.

6.1.2 First Round Discussion
FL recommendation- 6.1:
Companies are encouraged to comment to align understanding on whether it is necessary for eNB to trigger UE to make GNSS measurement during a long period of downlink/uplink repetitions.

Companies are encouraged to provide comments on the FL recommendation within the following table:
	Companies
	Comments

	
	

	
	

	
	

	
	

	
	




[bookmark: _Hlk102743535]6.2 Others
The moderator recalls the RAN1 and RAN2 agreements for acquisition of assistance information for UL time/frequency synchronization in Connected.
Agreement (RAN1 107-e):
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.
Agreement (RAN1 107-e):
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.
Agreement (RAN1 107-e):
NTN validity duration is configured per cell and indicated to the UE in X bits with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, Infinity}
· Unit is second
· FFS (to be resolved in current meeting): Additional values for GEO
Agreement (RAN1 108-e):
First discuss for additional values of validity timer for GEO in NR NTN AI 8.4.2. For IoT NTN, adopt the NR NTN agreement without modification for additional values of validity timer for GEO.
Agreement (RAN1 NR NTN 108-e):
Add one additional NTN validity duration value for GEO i.e. 900 seconds. X = 4 bits.
RAN2-116bis
When SI used for UL synch (pre-compensation) is no longer valid, the UE autonomously tunes away and re-aquires the required SI, and then comes back. FFS whether anything additional is needed.
RAN2-117
FFS if we Will have a guard timer to handle the case where the UE takes ‘forever’ reacquire the SIB. At timer expiry UE triggers RLF handling. (Note that it is expected that the timer will not expire in the normal case, and the UE can just come back acc to previous decision).  
RAN2 assumes Upon recovery from loss of precomp synch while TAT has not expired, UE resumes UL operation, no RACH is needed.
When the UE tunes away, it is assumed that the UE may not receive DL dedicated transmissions, actions in the DL can be left to UE implementation.
There is some support for enhancements for long data transmissions, which could be Rel-18. 
Introduce a guard timer TXXXX for SIBXX acquisition in connected mode. At TXXX expiry, UE triggers RLF (if it can be shown in Q2 that UE will loose RLM when UE tunes away, it can be discussed to skip this timer)
Upon timer expiry (or UE tune away), UE stops all UL transmissions, flushes all HARQ buffers and maintains all UL resources.

6.2.1 Company contributing views
	Contribution
	Observation/Proposals

	Xiaomi
	Proposal 4: The IoT UE can acquire the assistant information from SIBx in connected mode.

	Nokia, NSB
	Observation 13: Support of long connections in IoT NTN release 18 may require a study of further issues in addition to addressing improved GNSS operations.
Observation 14: To ensure proper system operation during long connections in IoT NTN, SIB acquisition in RRC Connected mode, repetition/HARQ continuation between cells, and use of different UL segment durations may be required.



Xiaomi proposed the IoT UE can acquire the assistant information from SIBx in connected mode.
Nokia, NSB observed to ensure proper system operation during long connections in IoT NTN, SIB acquisition in RRC Connected mode, repetition/HARQ continuation between cells, and use of different UL segment durations may be required.

Moderator View: To the moderator understanding, RAN2 has specified T318 to re-acquire SIB31 in connected after T317 expired in TS 36.331 Section 5.3.18 T317 expiry. For SIB acquisition in RRC Connected mode, repetition/HARQ continuation between cells, and use of different UL segment durations, FL recommendations have been made in past few meetings and proponents of further enhancements on the topic are encouraged to further discuss offline with companies to get more support. 

6.2.2 First Round Discussion
FL recommendation – 6.2:
Proponents of further potential enhancements for re-acquiring NTN SIB in addition to Rel-17, further UL segmented transmission enhancements, further repetition continuation between two NTN cells enhancements are encouraged to further discuss offline with companies to get more support.

Companies are encouraged to provide comments on the FL recommendation within the following table:
	Companies
	Comments

	
	

	
	

	
	

	
	

	
	



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]7 Proposals for online/offline discussions
7.1 Proposals for offline discussion on Monday Nov. 14th, 16:30 ~ 19:00

Issue #3: GNSS measurement mechanisms in connected
Initial Proposal 3:
For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
(New) configured GNSS timer(s) are used as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurement
· FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)

Issue #1: Closed Loop control and potential enhancements
Initial Proposal 1-2:
Support Closed loop frequency correction via MAC CE command signaling.
· FFS Details

Issue #4: GNSS assistance information
Initial Proposal 4-1:
In connected, UE indicates success/completion of GNSS position fix after re-acquiring GNSS measurement.
FFS: details
7.2 Proposals for online discussion on Wednesday Nov. 16th, 9:30 ~ 10:30

Issue #3: GNSS measurement mechanisms in connected
Second Round Proposal 3:
For GNSS measurement in connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE re-acquires GNSS autonomously based on configured timer(s) as a fallback mechanism if UE does not receive eNB trigger to make GNSS measurement
· FFS details of timer(s) – e.g. configuration, when to start/re-start timer(s)

Issue #4: GNSS assistance information
Second Round Proposal 4:
In connected, UE indicates success/completion of GNSS position fix after re-acquiring GNSS measurement.
· Option 1: explicitly
· Option 2: implicitly

7.3 Proposals for offline discussion on Wednesday Nov. 16th, 17:45 ~ 19:00

Issue #4: GNSS assistance information
Second Round Proposal 4:
In connected, UE may report new GNSS validity duration indicates success/completion of GNSS position fix after re-acquiring GNSS measurement.
FFS: details of new GNSS validity duration
FFS: additional explicitly indication before reporting new GNSS validity duration
· Option 1: explicitly
· Option 2: implicitly, e.g. may report new GNSS validity duration


[bookmark: _Hlk119518117]Issue #5: GNSS measurement and C-DRX
Second Round Proposal 5:
From RAN1 perspective, UE can re-acquire GNSS position fix during inactive state of Connected DRX.
FFS: whether it is UE autonomously 
FFS: when UE can re-acquire GNSS position fix during inactive state of Connected DRX 
FFS: spec impact GNSS validity duration 



7.4 Proposals for online discussion on Thursday Nov. 17th, 9:30 ~ 10:30

[bookmark: _Hlk119576519]Issue #4: GNSS assistance information
Second Round Proposal 4a:
In connected, UE may report new GNSS validity duration to indicate success/completion of GNSS position fix after re-acquiring GNSS measurement.
FFS: details

[bookmark: _Hlk119577499]Issue #5: GNSS measurement and C-DRX
Second Round Proposal 5a:
From RAN1 perspective, UE can autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
FFS: when UE can re-acquire GNSS position fix during inactive state of Connected DRX


8 Conclusion
8.1 Conclusions for online discussion on Wednesday Nov. 16th, 9:30 ~ 10:30
Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing 
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