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[bookmark: _Toc97215355]0.1 Background
In RAN#95e, 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 WID considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objective related to improved GNSS operations as follows:
Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.
In this meeting, company views on improved GNSS operations for IoT NTN are summarized and observations/proposals on identified issues are made.
0.2 Contact Information
Please help to fill in the contact information for the FL summary.
	Company
	Name
	E-mail

	OPPO
	Hao Lin
	lin.hao@oppo.com

	Lockheed
	Robert Olesen
	robert.l.olesen@lmco.com

	Lenovo
	Zhi, Yan
	yanzhi1@lenovo.com

	ZTE
	Fangyu Cui
	cui.fangyu@zte.com.cn

	Qualcomm
	Ayan Sengupta
	asengupt@qti.qualcomm.com

	CATT
	Deshan Miao
	miaodeshan@catt.cn

	Xiaomi
	Yajun Zhu
	zhuyajun@xiaomi.com

	Nokia, NSB
	Jingyuan Sun
	Jingyuan.sun@nokia-sbell.com

	Samsung
	Min Wu
	min1.wu@samsung.com

	Samsung
	Carmela Cozzo
	carmela.c@samsung.com

	CMCC
	Wei Qin
	qinwei@chinamobile.com

	Nordic
	Mauri Nissila
	mauri.nissila@nordicsemi.no

	Huawei, HiSilicon
	Xiaolei TIE
	tiexiaolei@huawei.com

	Huawei, HiSilicon
	Xinghua Song
	songxinghua@huawei.com

	SONY
	Martin Beale
	martin.beale@sony.com

	Apple
	Chunxuan Ye
	Chunxuan_ye@apple.com

	Apple
	Chunhai Yao
	Chunai_yao@apple.com

	Spreadtrum
	Zhenzhu Lei
	reven.lei@unisoc.com

	MediaTek
	Wen Tang
	WenT.Tang@mediatek.com



1 [CLOSED] Issue #1: Necessity of GNSS Position Fix in connected
The WID considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objective related to improved GNSS operations as follows:
Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
1.1 Company contributing views
	Contribution
	Observation/Proposals

	Huawei
	Observation 2: For long-term connections, frequent GNSS position fix for UL time/frequency synchronization will have large impact to the battery life of an IoT device.
Proposal 1: To reduce the possible radio link failure, GNSS position fix should be supported during long connection taking UL synchronization and power consumption into consideration

	ZTE
	Observation 1: For Rel-17 solution of GNSS position fix, the detailed behaviors w.r.t GNSS validity duration are still under RAN2 discussion. The potential agreement should considered in Rel-18 study.
Observation 2: Let UE go back to idle mode to reacquire GNSS information will lead to high cost in long connection times due to the procedure of re-access network, which includes RACH and RRC configuration.

	Nokia, Nokia Shanghai Bell
	Observation 1: the release 18 assumption on “long” connection require the UE can obtain a new GNSS position fix during the connection to minimize the impact on device energy consumption, signaling overhead and latency.

	OPPO
	Observation 1: For GNSS position TTFF, hot start requires about 1~2 seconds, warm start requires several seconds, and cold start requires about 30 seconds.
Observation 2: In R17 IoT NTN, UE in connected mode should go back to idle mode if GNSS becomes outdated. 
Proposal 1: For re-acquiring GNSS position fix with cold start, UE in connected mode should go back to idle mode if GNSS becomes outdated.
Proposal 2: For re-acquiring GNSS position fix with hot start and warm start, enhancements on UE behaviors can be considered when GNSS becomes outdated.

	Lenovo
	Proposal 1: GNSS operation improvement should be supported to facilitate IoT potential long uplink transmission.

	Ericsson Telecomunicazioni SpA
	Observation 1: GNSS measurement gaps in connected mode may not be needed if UE goes to idle mode upon expiry of the GNSS position fix.
Proposal 1: RAN1 to confirm if GNSS measurement gaps are needed for IoT NTN UEs in connected mode.


Ericsson proposed to confirm if GNSS measurement gaps are needed for IoT NTN UEs in connected mode. 
Huawei, ZTE, Nokia, Lenovo proposed GNSS position fix should be supported during long connection.
OPPO proposed GNSS position fix with cold start, UE in connected mode should go back to idle mode if GNSS becomes outdated; GNSS position fix with hot start and warm start, enhancements on UE behaviors can be considered when GNSS becomes outdated.
Moderator View: The Rel-17 discussions for short sporadic connections where the connection duration is expected to be shorter than that of the GNSS/uplink synchronization validity timer. It was agreed in RAN2 116bis-e that “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”. For Rel-18 discussions for long-term connections, the need for GNSS position fix in connected should be discussed first.
Moderator shares the view that UE has a valid GNSS position fix in long connection time. UE may need to require GNSS position fix when GNSS validity duration expires. 

1.2 First Round Discussion
Initial Proposal 1:
[bookmark: _Hlk102750270][bookmark: _Hlk103241914]IoT NTN UE has a valid GNSS position fix in long connection time.

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

	OPPO
	It is not clear if the proposal implies the valid GNSS position fix is from one time GNSS measurement or it could be multiple times?

	Lockheed
	Agree with the proposal.

	Lenovo
	We agree that during the long connection time (e.g., long transmission duration), UE needs updated GNSS position fix if the original one is outdated.

	ZTE
	The purpose of this proposal is not clear to us. Does it mean “UE is assumed to always have a valid GNSS position fix no matter what happen”, or “UE should always ensure a valid GNSS fix by a series of updates”? In our view, the later interpretation should be adopted and we suggest following updates of the proposal:
Initial Proposal 1:
IoT NTN UE should always ensure a valid GNSS position fix in long connection time.
FFS: how to update GNSS position fix in long connection time


	Qualcomm
	Do not agree. One legitimate power-saving option is that the UE is provided closed loop time and frequency commands to keep “time and frequency” synchronized for uplink transmission. This may allow for a UE with a (technically outdated) GNSS to still communicate. We describe this at length in our contribution.
We do not need such a proposal to begin with. We need to discuss “techniques” that “improve” how GNSS-related operations are currently done.  

	CATT
	Not sure what it implies? How to define the long connection？

	Xiaomi
	The intension is not clear, there are cases where GNSS is outdated while the communication maintained. 

	Nokia, NSB
	We think it should be “IoT NTN UE should have a valid GNSS position fix in long connection time. UE may need to re-acquire GNSS position fix in long connection time.” As discussion in following issues, e.g. issue #2, how and when UE to re-acquire GNSS should be discussed.

	Samsung
	Does this proposal mean only valid GNSS position fix can be used in long connection time? Actually, if UL synchronization is maintained well, invalid GNSS position fix may not impact UL transmission even if GNSS measurement validity timer is expired. 

	CMCC
	The proposal may need to be further clarified. Our understanding is that valid GNSS position fix should be available during long connection time, and GNSS position fix may be re-acquired in case of GNSS expiration. 

	Nordic
	Agree with CMCC

	Huawei, HiSilicon
	Similar comments as above. The current proposal seems not clear. 

	SONY
	We would be happy with either ZTE’s updated proposal or Nokia’s updated proposal.

	Apple
	The proposal is not clear enough. Does it mean IoT NTN UE should have a valid GNSS position fix in long connection time, or IoT NTN UE always has a valid GNSS position fix in long connection time (such that GNSS position fix doesn’t need to be updated). 

	Ericsson
	Agree with the above comments. The possibility to sustain a connection by relying on closed loop TA and frequency commands to avoid GNSS reacquisition should also be considered.

	Spreadtrum
	This proposal is not clear.

	MediaTek
	In Rel-17, validity timer was specified to ensure UE keeps synchronized at least for sporadic short transmission. RAN2 made agreement
UE need to have a valid GNSS fix before going to connected. RAN2 assumes that the UE may need to re-aquire the GNSS fix right before establishing the connection (regardless if previously valid or not), if needed to avoid interruption during the connection)
In Rel-18, the necessity for updating GNSS position fix in long connection could be further discussed to reduce impact of GNSS on UE power consumption.



1.3 Summary of First Round Discussion
Lockheed, Lenovo support the proposal.
ZTE suggests following updates of the proposal: “IoT NTN UE should always ensure a valid GNSS position fix in long connection time. FFS: how to update GNSS position fix in long connection time”. 
Nokia thinks “IoT NTN UE should have a valid GNSS position fix in long connection time. UE may need to re-acquire GNSS position fix in long connection time.”. How and when UE to re-acquire GNSS should be discussed.
Qualcomm mentioned an option to save power in the UE is that the UE is provided by closed loop time and frequency commands to keep “time and frequency” synchronized for uplink transmission. This may allow for a UE with a (technically outdated) GNSS to still communicate.
OPPO mentioned if the valid GNSS position fix is from one time GNSS measurement or it could be multiple times. To the moderator understanding this issue mentioned by OPPO is whether the UE only uses one GNSS measurement or multiple GNSS position measurements during the long connection time.
CATT mentioned How to define the long connection. To the moderator understanding the issue has been discussed several RAN1 meeting during the study phase.  
Xiaomi mentioned cases where GNSS is outdated while the communication is maintained.
Samsung mentioned if UL synchronization is maintained well, invalid GNSS position fix may not impact UL transmission even if GNSS measurement validity timer is expired.
CMCC, Nordic, Huawei mentioned that valid GNSS position fix should be available during long connection time, and GNSS position fix may be re-acquired in case of GNSS expiration.
Apple, Ericsson mentioned the possibility to sustain a connection to avoid GNSS reacquisition should also be considered. To the moderator understanding closed loop TA and frequency commands can keep GNSS valid for long time, however, IoT UE still needs to have one valid GNSS position fix.  
MediaTek mentioned in Rel-18, the necessity for updating GNSS position fix in long connection could be further discussed to reduce impact of GNSS on UE power consumption.
Moderator View: RAN1 need to further align understanding on this issue first. For UL synchronization, how the UE update GNSS position fix if it becomes outdated in long connection can be discussed in Issue#2. RAN1 can further discuss whether to update or reduce the need to update GNSS position fix in long connection time to reduce impact on UE power consumption  

1.4 Second Round Discussion
Second Round Proposal 1a:
IoT NTN UE should always ensure a valid GNSS position fix in long connection time 
FFS: Whether to update or reduce the need to update GNSS position fix in long connection time

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

	OPPO
	The proposal says that the UE is responsible for GNSS position fix being valid in a long connection time. This implies that the UE has to take the action to GNSS updates. It seems that the proposal precludes the solution of close-loop sync even the GNSS validity duration is expired. 

	Lenovo
	We are fine with the main bullet. However, we are not sure whether ensuring a valid GNSS position in main bullet and reducing the need to update GNSS in FFS are contradicted.
UE reports the GNSS validity timer, after the timer expires, NTN UE will ensure a new GNSS positition.

	Apple
	We share the same view as Lenovo. ok with main bullet, FFS part is contradicted with main bullet. 

	Huawei, HiSilicon
	We don’t agree with the proposal. 
We think some companies commented already in the first round that closed loop time and/or frequency control should be considered. Also, considering the comments in the first round, it seems majority view seems OK to allow UE to re-acquire a valid GNSS in long connection. Therefore, we prefer the following update.
Proposal revised by HW:
IoT NTN UE should always ensure 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


	Nokia, NSB
	It is not only UE to ensure. Although UE do the GNSS acquisition, but it should be network to control when UE to do GNSS acquisition during the long connection. 
It should be modified to:
“IoT NTN UE should always ensure have a valid GNSS position fix in long connection time. UE may need to re-acquire GNSS position fix in long connection time. There should be common understanding between UE and network on whether UE still have valid GNSS position fix.
FFS: detail.”

	ZTE
	Support in principle. But for FFS, we suggest to be written as “FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time”

	CMCC
	We are fine with the main bullet of the proposal. Considering FFS, we share the same view with ZTE.

	CATT
	For the main bullet, the wording “always” is a bit strong, for example, if only one subframe is left for transmission, do we need re-acquire the GNSS position fix？ May not. 

	MediaTek
	Agree with Huawei’s main proposal and ZTE for FFS. Closed loop control of time (and frequency) may help with reduction of the times of updating GNSS in long connection time. Moreover, for low-speed UE, there may be cases when no updating of GNSS is needed in long connection time, as depicted in our Tdoc [R1-2203391], when UE velocity is 3 km/h, the TAerror is 0.14us for 30s.
The TA error due to the position error of a UE that is moving without GNSS measurements for up to 60 seconds.
	Validity of UE location
	10 s
	 30 s
	60 s

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

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

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

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

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


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

	Qualcomm
	Do NOT agree with moderator proposal, but AGREE with HW’s modification.

	Samsung
	It is difficult to agreeing to this proposal since the UE may not be able to ensure a valid GNSS position during the long connection. For the FFS, the intent seems to be discuss whether the UE continues transmitting when the GNSS position is outdated during long connections and reducing the need to use GNSS updates would be a consequence of this and of a better synchronization (addressed in Issue#5). 
Thus, editing of the 1st bullet proposed by Huawei is fine. The FFS can be to “whether/how the UE can acquire a new GNSS position fix during long connection times”. 

	Ericsson
	Agree with Huawei’s proposal.

	Spreadtrum
	Agree with Huawei’s version.




1.5 Summary of Second Round Discussion
Lenovo, Apple, ZTE, CMCC supported the main bullet of the proposal. 
Huawei, MediaTek, Qualcomm, Samsung, Ericsson, Spreadtrum is supportive of Huawei’s suggested main bullet proposal “IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time.”
ZTE, CMCC, MediaTek supported of ZTE’s suggestion “FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time”.
Nokia suggested “IoT NTN UE should always have a valid GNSS position fix in long connection time. UE may need to re-acquire GNSS position fix in long connection time. There should be common understanding between UE and network on whether UE still have valid GNSS position fix. FFS: detail.”
Samsung suggested the FFS can be to “whether/how the UE can acquire a new GNSS position fix during long connection times”.
MediaTek mentioned Closed loop control of time (and frequency) may help with reduction of the times of updating GNSS in long connection time. Moreover, for low-speed UE, there may be cases when no updating of GNSS is needed in long connection time.

Moderator View: During long connection, UE may not be able to ensure a valid GNSS position. Hence, UE may need to re-acquire GNSS position fix. RAN1 need to further discuss on whether there is case when no update of GNSS is needed, whether and how to reduce the need to update GNSS position fix for different cases considering power consumption.

1.6 Third Round Discussion
Third Round Proposal 1b:
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

Companies are encouraged to provide comments within the following table If not support, further comments:
	Companies
	Support / not support
	comments

	Xiaomi
	Support
	

	[bookmark: OLE_LINK12]Nokia, NSB
	Support
	

	Huawei, HiSilicon
	Support
	

	ZTE
	Support
	

	Apple
	Support
	

	Nordic
	Support
	

	Ericsson
	Support
	

	MediaTek
	support
	

	Samsung
	support
	

	Sequans
	support
	



1.7 Summary of Third Round Discussion
Xiaomi, Nokia, Huawei, HiSilicon, ZTE, Apple, Nordic, Ericsson, MediaTek, Samsung, Sequans support the proposal.

Moderator View: The proposal 1b seems to be a consensus. 

The proposal 1b was discussed and agreed at the May 19 GTW.

	Conclusion
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



2 [CLOSED] Issue #2: Schemes for GNSS measurement in connected
2.1 Company contributing views
	Contribution
	Observation/Proposals

	ZTE
	Proposal 1: To save the cost of re-accessing network, UE should stay in RRC_CONNECTED mode but suspend UL transmission when GNSS becomes outdated. Then, UE should obtain new GNSS information within a time window and continue the transmission after the time window.

	Spreadtrum Communications
	Proposal 1: For long connection times, GNSS measurement occasion (or GNSS measurement gap) should be supported in the connected state.

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

	CATT
	Proposal 1: Design different GNSS update schemes when switch from RRC_DILE into RRC_CONNECTED state according to different requirements on delay and GNSS precision.

	xiaomi
	Proposal 2: The IoT UE that is capable of simultaneously GNSS and cellular operation can be configured with measurement gap to perform GNSS measurement

	Nokia, Nokia Shanghai Bell
	Observation 2: Common understanding on GNSS measurement window in time domain between UE and network is needed.
Observation 3: Multiple IoT UE with different capability and channel status may request different GNSS measurement window.
Proposal 1: GNSS measurement window in CONNECTED mode should be specified for a new GNSS measurement when GNSS position is about to outdated.
Proposal 2: Overhead reduction should be considered for selection of GNSS measurement window and coordination between UE and eNB.

	Samsung
	Proposal 4: For the case that a new GNSS position fix is triggered by eNB, a GNSS measurement window needs to be defined.

	Nordic
	Proposal 1: In RRC connected mode, the eNB could configure UE with the periodic GNSS measurement gaps via UE-specific RRC signalling, based on the GNSS validity duration X reported by the UE.
Proposal 2: It should be considered if some signalling mechanism is needed for the network to dynamically allocate GNSS measurement gap to the UE in RRC connected mode.
Proposal 3: It should be considered to specify a signaling mechanism for UE to request a GNSS measurement gap whenever the need for it emerge.
Proposal 4: RAN1 should consider supporting semi-static change of GNSS measurement gap periodicity and length triggered by UE.

	Apple
	Proposal 1: RAN1 considers network schedules GNSS measurement gap for UE to re-acquire GNSS position for long connection time.

	CMCC
	Proposal 1. During long connection times, GNSS measurement may be re-acquired for timing and frequency pre-compensation due to the limited GNSS validity duration, and the GNSS measurement gaps can be applied to update the GNSS position fix.
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. The GNSS measurement gaps can be configured individually per UE level.
Proposal 4. Considering the mechanisms to support UE perform GNSS operation and NTN NB-IoT/eMTC operation on non-overlapping slot/frame, the following configuration can be further studied:
Option 1. Semi-static indication of GNSS measurement gap period through RRC configuration.
Option 2. Indicate the GNSS measurement gap by DCI format.
Option 3. Signal the GNSS measurement by MAC CE command.

	Lenovo
	Proposal 2: Scheduling new gap solution and configure long DRX solution can be supported for UE with long uplink transmission.
Proposal 3: Solution of scheduling new gap to allow UE to refresh its GNSS position fix needs further study.


ZTE, Spresdtrum, xiaomi, Nokia, Samsung, Nordic, Apple, CMCC, Lenovo provided proposals for GNSS measurement gap/window. 
MediaTek proposed “UE re-acquire GNSS position fix during RLF procedure” is baseline for improved GNSS operations. MediaTek mentioned two options to re-acquire GNSS position fix - Option 1: “UE re-acquire GNSS position fix during RLF procedure” Option 2: eNB configures a scheduling gap to re-acquire GNSS position fix. In Option 1, the UE can re-acquire GNSS position fix and DL synchronization during RLF procedure. In Option 2, the eNB can configure a scheduling gap at the end of the GNSS validation duration without need for UE to initiate RLF procedure. The scheduling gap allows UE to acquire a new GNSS position fix with a typical measurement time in the order of 1 second. A UE with the GNSS restriction may not be able to maintain DL synchronization since the IoT module is switched off. As discussed in Rel-17 in RAN1, the UE behaviour during the new scheduling gap could be similar to UE behaviour during the legacy UL Compensation Gap in cellular, where the UE stops transmitting repetitions in a long UL transmission exceeding 256 ms to re-acquire DL synchronization. When the new scheduling gap starts, the UE may stop all IoT operations to re-acquire GNSS position fix and DL synchronization. When the new scheduling gap ends, IoT operations may start again.  
CATT proposed to design different GNSS update schemes when switch from RRC_DILE into RRC_CONNECTED state according to different requirements on delay and GNSS precision.
Lenovo mentioned three options to re-acquire GNSS position fix: i.Moving UE to RRC_IDLE; ii.Scheduling a gap to allow UE to refresh its GNSS position fix; iii.UE re-acquire GNSS in connected DRX. For option i), when the GNSS validity is invalid, UE in RRC_CONNECTED suspends the uplink transmission and move to RRC_IDLE (e.g., re-acquire a GNSS position fix). The solution is not feasible for UE with potential long uplink transmission. For option ii), similar as NBIoT uplink transmission gap (e.g., with length of 40ms) during uplink transmission, a new scheduling gap (e.g., much longer than legacy uplink transmission gap) after a transmission duration is configured to UE. The new scheduling gap length is determined by the GNSS Time To First Fix (TTFF), the GNSS TTFF parameter is typically 1~2 seconds with hot start or around 5~9 seconds with warm or cold start, which can be configured by eNB based on the UE reported capability. The transmission duration can be configured by eNB based on the UE reported validity duration of GNSS position fix. During the new transmission gap, UE can refresh its GNSS position fix, may need to maintain DL synchronization, and may even need to perform contention-free/contention-based based RACH procedure to confirm the serving cell and corresponding TA.


Figure 1: Scheduling new gap for uplink transmission
For option iii), eNB configures long DRX (e.g., maximal DRX period of 2.56 s or maximal eDRX period of 10.24s) and UE re-acquire GNSS in the connected DRX, which allows UE to make a GNSS position measurement with a typical hot fix of 1 second. It is up to UE implementation to re-acquire a GNSS position fix during any DRX OFF period without any specification impact. However, it will make some scheduling restriction with the long DRX configuration, and it can’t be suitable to all traffic models. 

Moderator View: The Rel-18 discussions with assumption that no simultaneous GNSS and NTN UE operations, the UE cannot use its GNSS receiver and NB-IoT/eMTC receiver simultaneously. Option 1: UE re-acquire GNSS position fix during RLF procedure; Option 2: UE re-acquire GNSS position fix with a new gap; Option 3: UE re-acquire GNSS position fix in connected DRX. Above options allow UE with GNSS restriction to avoid simultaneous GNSS and NTN NB-IoT/eMTC operation to re-acquire GNSS position fix. Option 1 is close to solution in Rel-17. Option 2 has some impact on spec. Option 3 is up to UE implementation and eNB configuration of connected DRX.

2.2 First Round Discussion
[bookmark: _Hlk103236527][bookmark: _Hlk102751957]Initial Proposal 2:
At least the following options can be considered for further study 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 
· Option 3: UE re-acquires GNSS position fix in connected DRX 

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

	OPPO
	Agree. Suggest to add: other options are not precluded at this stage.

	Lockheed
	Option 1 is the most straightforward solution. 

	Lenovo
	Support the further study

	ZTE
	We support option 2. Option 2 can avoid additional re-access to network and does not require UE to simultaneously handle GNSS and cellular signals.
In option 1, additional re-access to network is needed, which is costing in terms of signaling overhead and delay. Hence, option 2 is more preferred than option 1.
Option 3 will restrict the configuration flexibility. Moreover, if option 2 is supported, the measurement gap can be configured during DRX OFF period, which achieves same performance.

	Qualcomm
	OK to support. 
Prefer Option 1 (which follows in a similar spirit to the RAN2 agreements w.r.t ephemeris/common TA validity).
Even if we support other options, Option 1 has to be a “fallback”, just like for ephemeris/common TA validity in R17.

	CATT
	Need further study.

	Xiaomi
	We think the UE capability should be discussed together.

	Nokia, NSB
	We do not think option 1 is needed. UE and network both know the validity duration of UE’s GNSS, so that new GNSS fix can be scheduled before RLF to avoid unnecessary unsync related and recovery processing, which may cause unnecessary power consumption and complexity.
Option 3 rely on C-DRX, but to allow long GNSS measurement (1-2 s) the C-DRX cycle would be very long i.e. slowing down communication latency. If C-DRX is instead re-configured ad hoc there is huge signalling overhead. So option 3 is also low efficiency and not good.
Option 2 is reasonable and workable, where there could be network scheduling GNSS measurement gap when needed, and there could be common understanding between UE and network on validity of GNSS after UE re-acquire new GNSS position fix, so that network can know the status of the new GNSS before any scheduling.

	Samsung
	We prefer option 1. Other options are not the essential conditions of re-acquiring GNSS position fix.

	CMCC
	We support Option 2. With the GNSS measurement gaps during long connection time, UE in RRC_connected state will be able to perform timing and frequency pre-compensation based on accurate GNSS position without impact on NB-IoT/eMTC module. If Option 2 is supported, configuration of GNSS measurement gap can be further discussed. 

	Nordic
	Similar to Nokia, we think that Option 1 and Option 3 are problematic. Currently the RLF is based on UE’s signal quality in DL and, in NTN scenario, the DL signal quality may be ok but UL synchronization may be lost due to UE movement. Of course, the RLF procedure could also be started upon expiration of GNSS validity but such a procedure is less efficient than simply allowing the GNSS measurement gap for the EU. And also Nokia pointed out the use of C-DRX for GNSS measurements requires extra signaling and optimization and is not very efficient way.
Therefore we prefer Option 2.

	Huawei, HiSilicon
	We are fine with the proposal to study at least Option1, Option2 and Option 3. For Option3, extra limitation will be introduced for DRX configuration by gNB and as a result impact the scheduling flexibility.

	SONY
	We are OK to list Option 1, Option 2 and Option 3 for further study.
We are not keen on Option 1. Executing an RLF procedure does not seem to be compatible with being in CONNECTED mode.

	Apple
	We are ok with this proposal and open to discuss these options. Considering the signaling overhead and delay, currently we support option 2.

	Ericsson
	We tend to lean towards Option 2 but think that these need further study before making a decision. Also, the possibility of using closed loop TA and frequency corrections to reduce or avoid GNSS re-acquisition can also be considered. 

	Spreadtrum
	We are fine with the proposal and prefer Option 2.

	MediaTek
	Fine to study Options 1, 2, and 3. At least Option 1 and 2 can be studied. None of the options though would help reduce UE power consumption.



2.3 Summary of First Round Discussion
17 companies provided views during first round discussion. 
Option 1 “UE re-acquires GNSS position fix during RLF procedure” is preferred by Lockheed, Qualcomm, Samsung
· Lockheed (straightforward solution)
· Qualcomm (follows in a similar spirit to the RAN2 agreements w.r.t ephemeris/common TA validity), 
Option 2 “UE re-acquires GNSS position fix with a new gap” is preferred by ZTE, Nokia, CMCC, Nordic, Apple, Ericsson, Spreadtrum
· ZTE (can avoid additional re-access to network and does not require UE to simultaneously handle GNSS and cellular signals. The measurement gap can be configured during DRX OFF period, which achieves same performance)
· Nokia (network scheduling GNSS measurement gap when needed, with common understanding between UE and network on validity of GNSS after UE re-acquire new GNSS position fix, so network can know the status of the new GNSS before any scheduling)
· CMCC (With the GNSS measurement gaps during long connection time, UE in RRC_connected state will be able to perform timing and frequency pre-compensation based on accurate GNSS position without impact on NB-IoT/eMTC module, configuration of GNSS measurement gap can be further discussed)
· Apple (signaling overhead and delay)
· Ericsson (leaned towards Option 2 but thought that these need further study before making a decision. Also, the possibility of using closed loop TA and frequency corrections to reduce or avoid GNSS re-acquisition can also be considered)
Option 3 “UE re-acquires GNSS position fix in connected DRX ” 
· No preference from any companies for this option

OPPO, Lenovo, Huawei, SONY, MediaTek indicated there are fine with study of Option 1, Option 2 and Option 3. MediaTek commented none of the options though would help reduce UE power consumption.
ZTE mentioned in option 1, additional re-access to network is needed, which is costing in terms of signaling overhead and delay. Option 3 will restrict the configuration flexibility.
Nokia mentioned Option 1 is not needed. Option 3 rely on C-DRX, but to allow long GNSS measurement (1-2 s) the C-DRX cycle would be very long and there may be huge signalling overhead.
Samsung mentioned options 2 and 3 are not the essential conditions of re-acquiring GNSS position fix
Nordic mentioned Option 1 and Option 3 are problematic. Currently the RLF is based on UE’s signal quality in DL and, in NTN scenario, the DL signal quality may be ok but UL synchronization may be lost due to UE movement. RLF procedure could also be started upon expiration of GNSS validity but such a procedure is less efficient than simply allowing the GNSS measurement gap for the EU. 
Huawei mentioned for Option3, extra limitation will be introduced for DRX configuration by gNB and as a result impact the scheduling flexibility.
Sony mentioned for Option 1 executing an RLF procedure does not seem to be compatible with being in CONNECTED mode.
Xiaomi mentioned the UE capability should be discussed together. 
 
Moderator View: Closed loop TA and frequency corrections is enhancement operation to reduce GNSS re-acquisition and is discussed in Issue# 4. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed in the Rel-18 WID. 4 companies prefer Option 1, 7 companies prefer Option 2. No company has preference for Option 3. Option 1 and Option 2 can at least be studied with details of pros and cons in RAN1. 

2.4 Second Round Discussion
Second Round Proposal 2a:
At least the following options can be considered for further study 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 

Companies can provide comments within the following table:
	Companies
	Comments

	OPPO
	For option 1, we would like to check if every company is on the same page. To us, the option 1 is what we have in R17, I.e. the UE has to acquire the updated GNSS position fix in idle mode. If any other understanding is held by companies, maybe we should first clarify this. 

	Lenovo
	We have the similar concern as OPPO. How does the UE maintain the GNSS position fix in idle mode? It should be clarified first.  In rel.17, we assumed the UE obtains GNSS before short transmission up to UE implementation. How about Rel.18 UE in idle mode behaviour? 

	Xiaomi
	Before discussing the detailed solutions to re-acquire te GNSS position fix. One question is does the UE have the capability to support the GNSS measurement while the cellular connection is maintained. That’s why we think the UE capability should be discussed together.

	Apple
	As Xiaomi commented, maybe the proposal can clarify like, “at least for IoT device without capability of simultaneous GNSS measurement and keeping cellular connection, the following options …”
For Option 1, our understanding the difference from Rel-17 is introducing the out of sync timer to trigger UE goes back to idle, then performs GNSS measurement.
We support Option 2. 

	Huawei, HiSilicon
	Good point raised by OPPO. If the understanding of Option 1 is always asking UE to go to IDLE mode, we think it is not long connection mode and out of the scope of the WID. 
We prefer the proponents of option 1 to further clarify. Otherwise, option 1 should be deleted.

	Nokia, NSB
	Same view as in first round.
We do not think option 1 is needed. UE and network both know the validity duration of UE’s GNSS, so that new GNSS fix can be scheduled before RLF to avoid unnecessary unsync related and recovery processing, which may cause unnecessary power consumption and complexity. If companies would like to discuss GNSS acquisition in IDLE mode in long connection, we think that is another item that can be further studied, which need be discussed in some other new item.
Option 2 is reasonable and workable, where there could be network scheduling GNSS measurement gap when needed, and there could be common understanding between UE and network on validity of GNSS after UE re-acquire new GNSS position fix, so that network can know the status of the new GNSS before any scheduling.

	ZTE
	We support option 2. For option 1, as commented by OPPO, the difference compared with Rel-17 solution is not clear. Further clarification may be needed first before concluding to further study it.

	CMCC
	We support Option 2, and we are fine to further study the Option 1 if there is more  clarification.

	CATT
	We support option 1.
Here it said UE can update the GNSS position fix during the RLF procedure. If GNSS position fix is not valid, UE can trigger one GNSS measurement and stay in out-of-syn state. But it doesn’t mean UE has entered the IDLE mode. After UE gets the new position fix, one RRC-Reestablishment is applied.

	MediaTek
	Support. Option 1 and option 2 can be further discussed. 
On OPPO and Huawei comment on Option 1. In legacy RAN2 specs TS 36.331 when UE initiates RLF procedure it remains in RRC_CONNECTED. A timer 310 or 311 is started. The UE tries to recover from RLF during the configured duration of the timers, and during that time UE stays in RRC_CONNECTED. If UE has not recovered from RLF by the time Timer 310/311 expires, then it declares RLF and moves to RRC_IDLE. 
A similar way could be considered to re-acquire GNSS during RLF procedure. 

	Qualcomm
	OK to consider both.
Option 1 will be needed as a “fallback” either way, similar to what we have for ephemeris validity expiry in R17. There will be an RLF timer within which the UE has to reacquire (in this case GNSS)—if it fails, after the recovery timer expires, there must be some UE behaviour specified (e.g., eventually go to IDLE and start from scratch)

	Samsung
	We are fine to further study both options.

	Ericsson
	We appreciate OPPO’s comment and MediaTek’s clarification, and can consider both options.

	Spreadrum
	We prefer Option 2. For Option 1, we share the similar views with OPPO.



2.5 Summary of Second Round Discussion
For Option 1 “UE re-acquires GNSS position fix during RLF procedure” is preferred by CATT, Qualcomm. 
· OPPO commented that clarification is needed whether it is what we have in R17, I.e. the UE has to acquire the updated GNSS position fix in idle mode. Lenovo, Apple, Huawei, Nokia, ZTE, CMCC, Spreadtrum also mentioned similar views.
· MediaTek clarified that in legacy RAN2 specs TS 36.331 when UE initiates RLF procedure it remains in RRC_CONNECTED. A timer 310 or 311 is started. The UE tries to recover from RLF during the configured duration of the timers, and during that time UE stays in RRC_CONNECTED. If UE has not recovered from RLF by the time Timer 310/311 expires, then it declares RLF and moves to RRC_IDLE, where option 1 is a similar way could be considered to re-acquire GNSS during RLF procedure. CATT, Qualcomm mentioned similar clarification. 
· Qualcomm mentioned Option 1 will be needed as a “fallback” either way, similar to what we have for ephemeris validity expiry in R17.
For Option 2 “UE re-acquires GNSS position fix with a new gap” is preferred by Apple, Nokia, ZTE, CMCC, Spreadrum.
· Nokia mentioned for Option 2, there could be network scheduling GNSS measurement gap when needed, and there could be common understanding between UE and network on validity of GNSS after UE re-acquire new GNSS position fix, so that network can know the status of the new GNSS before any scheduling. Option 3 “UE re-acquires GNSS position fix in connected DRX ” 
Xiaomi, Apple mentioned clarification of UE capability to support the GNSS measurement while the cellular connection is needed. To the moderator understanding, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed in the Rel-18 WID. 
MediaTek, Qualcomm, Samsung, Ericsson are fine to further study both options.

Moderator View: 2 companies prefer Option 1, 4 companies prefer Option 2, 4 companies are open to both options. In both options, the UE is kept in RRC_CONNECTED. To the moderator understanding, in Option 2 there is a configured fix gap, and in Option 1 it can be discussed whether UE needs a RRC_Reestablishment after re-acquiring GNSS position fix. Companies could comment further on their understanding on the pros and cons of each option. 

2.6 [bookmark: _Hlk103679405]Third Round Discussion
Third Round Proposal 2a:
At least the following options can be considered for further study 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 

Companies are encouraged to provide comments within the following table. If not support, further comments:
	Companies
	Support / not support
	comments

	Xiaomi
	
	For option 2, our understanding is that UE need to perform GNSS measurement during the gap which means UE can measure the GNSS while maintain the cellular connection. Then simultaneous cellular and GNSS operation may be assumed (simultaneous data transmission and GNSS measurement is another aspect). Is it the correct understanding.

	Nokia, NSB
	Support for further study
	Although we support for further study for these options at this early stage for long connection, we think it is low efficiency if turn to RLF when GNSS validity expire as option 1. Option 1 will cause larger power consumption, resource utilization with new RACH process and RRC recovery. Option 2 will be efficient and effective, with common understanding on UE behaviour and GNSS status between UE and network as further study. 

	Huawei, HiSilicon
	Support

	Considering the clarification from MTK, we are fine to study the two options.

	ZTE
	Support
	We support to further study the options since this is the first meeting. And we prefer option 2 with consideration that reestablishment of RRC in option 1 could bring higher cost and delay.

	Apple
	Support
	Ok to study further both options.

	Nordic
	Support
	Ok to study both options but at the moment we prefer Option 2, due to the issues pointed out by Nokia on Option 1

	Ericsson
	Support
	OK to further study the pros and cons of both options.

	MediaTek
	support
	

	Samsung 
	Support
	

	Sequans
	Support
	We are fine to study further both options. It is possible that both will be needed – Option 1 for fallback as Qualcomm mentions and Option 2 for efficient device operation in practice



2.7 Summary of Third Round Discussion
Nokia, Huawei, HiSilicon, ZTE, Apple, Nordic, Ericsson, MediaTek, Samsung, Sequans supported to further study the two options. 
Xiaomi mentioned for option 2, our understanding is that UE need to perform GNSS measurement during the gap which means UE can measure the GNSS while maintain the cellular connection. Then simultaneous cellular and GNSS operation may be assumed (simultaneous data transmission and GNSS measurement is another aspect). 
On Xiaomi’s comment, simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed in the Rel-18 WID. When UE performs GNSS measurement in the gap, it cannot maintain cellular connection. UE will need to re-acquire DL synchronization after finishing GNSS measurement during the gap. 
Nokia mentioned it is low efficiency if turn to RLF when GNSS validity expire as option 1. Option 1 will cause larger power consumption, resource utilization with new RACH process and RRC recovery. Option 2 will be efficient and effective, with common understanding on UE behaviour and GNSS status between UE and network as further study.
Huawei mentioned considering the clarification from MTK, we are fine to study the two options.
ZTE mentioned preferred option 2 with consideration that reestablishment of RRC in option 1 could bring higher cost and delay.
Nordic mentioned prefer Option 2, due to the issues pointed out by Nokia on Option 1.
Sequans mentioned Option 1 for fallback as Qualcomm mentions and Option 2 for efficient device operation in practice.
Moderator View: The proposal 2a has been discussed in the second round. 2 companies prefer Option 1, 4 companies prefer Option 2, 4 companies are open to both options. In the third round, 10 companies commented further. 9 companies indicated they support the proposal. In both options, the UE is kept in RRC_CONNECTED as was clarified in second round. Both options can be further studied.

The proposal 2a was discussed and agreed at the May 19 GTW.

	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.



3 [CLOSED] Issue #3: Report 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)
3.1 Company contribution views
	Contribution
	Observation/Proposals

	ZTE
	Proposal 2: Report of time length for GNSS positioning should be supported to ensure common understanding between BS and UE.
Proposal 3: The previous validity duration length and time window length should be applied after a new GNSS position fix if there is no corresponding report.

	MediaTek
	Observation 1: eNB can make better scheduling decision with knowledge of GNSS validity duration reported by the UE for long-term connection. 

	CATT
	Proposal 2: UE should report its GNSS updating time to network to avoid scheduling invalidity.  

	xiaomi
	Proposal 1: The IoT UE reports the capability that indicating whether simultaneously GNSS and cellular operation is supported or not

	Nokia, Nokia Shanghai Bell
	Proposal 3: UE report the GNSS measurement gap should be the specified, to keep a low overhead.

	Samsung
	Proposal 5: Following information can be reported to eNB to assist GNSS operation:
· Whether UE’s GNSS position is fixed or not;
· Whether UE’s GNSS position is available in IoT application layer or not;
· UE capability on GNSS measurement, e.g., preferred length of GNSS measurement window;

	Apple
	Proposal 2: UE reports GNSS validity duration and GNSS measurement time to network to facilitate the GNSS measurement gap scheduling.

	Ericsson
	Proposal 3: RAN1 to discuss and decide when the UE should report the remaining GNSS validity timer duration.


ZTE, CATT, Nokia proposed UE should report its GNSS updating/positioning/measurement time. 
MediaTek, Ericsson proposed to discuss on UE’s GNSS validity timer duration/ remaining GNSS validity timer duration for long-term connection.
Apple proposed UE reports GNSS validity duration and GNSS measurement time to network to facilitate the GNSS measurement gap scheduling.
Xiaomi proposed UE reports the capability that indicating whether simultaneously GNSS and cellular operation is supported or not.
Samsung proposed UE report: 1) Whether UE’s GNSS position is fixed or not; 2) Whether UE’s GNSS position is available in IoT application layer or not; 3) UE capability on GNSS measurement, e.g., preferred length of GNSS measurement window.
Moderator View: In Rel-17, it has been agreed that “The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.” For Rel-18 long-term connections, UE should report GNSS assistance information to eNB. RAN1 can discuss options for GNSS assistance information - Option 1: UE reports it is stationary with a fixed GNSS position; Option 2: UE reports GNSS position fix measurement time; Option 3: UE reports capability with no GNSS usage restrictions for simultaneous GNSS and IoT operations and GNSS validity duration, which is already reported by UE in Rel-17.

3.2 FIRST ROUND Discussion
[bookmark: _Hlk103246956][bookmark: _Hlk102482983]Initial Proposal 3-1:
UE reports GNSS assistance information to eNB.
FFS:  Details on GNSS assistance information

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

	OPPO
	This proposal can be put in wait for the progress of issue 1 sand 2.

	Lockheed
	Agree

	Lenovo
	Recommend combining proposal 3-1 and 3-2 for further study

	ZTE
	Proposal 3-1 seems duplicated with 3-2. We can focus on the discussion of 3-2. Moreover, reporting of GNSS validity duration has already been supported in Rel-17, which is also a type of GNSS assistance information. Hence, “additional” need to be added before “GNSS assistance information”.

	Qualcomm
	Agree, but isn’t RAN2 already specifying something to this end in Release 17?

	CATT
	Combining the proposal 3-1 and 3-2 is needed.

	Xiaomi
	Agree, but we share QC’s view that RAN2 will do that in Rel-17

	Nokia, NSB
	OK. Details should be discussed.

	Samsung
	We support this proposal.

	CMCC
	Support, assist information reported by UE is needed to facilitate network determining the period of GNSS measurement gap.  

	Nordic
	Use of assistant information by UE should be studied

	Huawei, HiSilicon
	Agree that it would be better to combine the discussion of proposal 3-1 and proposal 3-2. Technically, it is more reasonable that UE report the remaining GNSS validity duration

	SONY
	Support the proposal

	Apple
	Ok with this proposal.

	Spreadtrum
	Support the proposal



[bookmark: _Hlk103246973]Initial Proposal 3-2:
At least the following options can be considered for further study on GNSS assistance information for potential enhancements for improved GNSS operations: 
· Option 1: UE reports it is stationary with a fixed GNSS position 
· [bookmark: _Hlk103286100]Option 2: UE reports GNSS position fix measurement time
· Option 3: UE reports capability with no GNSS usage restrictions for simultaneous GNSS and IoT operations 
Note: RAN1 agreed that GNSS validity duration is reported by UE in Rel-17. GNSS assistance information should include GNSS validity duration.

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

	Lockheed
	Option 3

	ZTE
	Support option-2. Reporting of GNSS position fix measurement time can help to configure proper measurement gap, which both ensure the success of GNSS position fix and reduce the overhead of time resource.
Option 1 is only valid for stationary UE. Moreover, in Rel-17, GNSS validity duration report has been supported. UE can simply report an infinite GNSS validity duration instead of reporting it is stationary.
W.r.t option 3, simultaneous GNSS and IoT operations are not assumed in Rel-17 IoT-NTN. And in Rel-18, this feature is not clarified to be supported. Hence, it’s better to be conservative for supporting such UE capability.

	CATT
	There is an option 4 to be included: 
UE reports the updating time of next GNSS fix.

	Xiaomi
	At least option 3 should be supported.

	Nokia, NSB
	Option 1 is already covered by Rel17 GNSS validity timer as infinity.
Option 3 is out of scope of Rel18 WID for IoT NTN as both Rel17 and Rel18 has assumption of no simultaneous GNSS and IoT operation.
We support option 2 to be further discussed.

	CMCC
	From our views, at least Option 2 GNSS measurement time needs to be reported to help eNB determine the length of GNSS operation. 
If GNSS measurement gap is applied for updating GNSS position fix, reporting additional assistance information besides the above options will help eNB determine the proper timing for UE to perform GNSS operation. This can be further studied in light of the progress of GNSS measurement schemes.   

	Nordic
	All the options should be considered

	Huawei, HiSilicon
	We are fine with option 2 and 3. For the option1, it may only work for stationary UE.

	SONY
	All options should be considered for further study. Hence, we agree with the moderator’s proposal.

	Apple
	We are open to consider all the options.

	Ericsson
	Option 2 looks most reasonable but others can be discussed.

	Spreadtrum
	We are open to discuss all the options.

	MediaTek
	On 3-2, Option 1 it is already supported, Rel-15 specified UE stationarity indication via registration. Rel-17 IoT NTN specified infinity value for validity timer for stationary UEs.




3.3 Summary of First Round Discussion
16 companies provided views during first round discussion. 4 companies (Lenovo, ZTE, CATT, Huawei) suggested to combine Initial Proposal 3-1 and Initial Proposal 3-2.
Lockheed, Qualcomm, Xiaomi, Nokia, Samsung, CMCC, Huawei, Sony, Apple, Spreadtrum supported Initial Proposal 3-1.
Nordic, Sony, Apple, Ericsson, Spreadtrum are open to consider all the options in Initial Proposal 3-2.
Option 1 “UE reports it is stationary with a fixed GNSS position” 
· ZTE (only valid for stationary UE. Moreover, in Rel-17, GNSS validity duration report has been supported.)
· Nokia (already covered by Rel17 GNSS validity timer as infinity)
· Huawei (may only work for stationary UE)
· MediaTek (it is already supported, Rel-15 specified UE stationarity indication via registration. Rel-17 IoT NTN specified infinity value for validity timer for stationary UEs.)
Option 2 “UE reports GNSS position fix measurement time” 
· ZTE (Support option-2 which can help to configure proper measurement gap)
· Nokia (support option 2 to be further discussed)
· CMCC (at least Option 2 needs to be reported to help eNB determine the length of GNSS operation)
· Ericsson (looks most reasonable)
Option 3 “UE reports capability with no GNSS usage restrictions for simultaneous GNSS and IoT operations” 
· Lockheed (support)
· ZTE (Simultaneous GNSS and IoT operations are not assumed in Rel-17 IoT-NTN and in Rel-18)
· Xiaomi (At least option 3 should be supported)
· Nokia (out of scope of Rel18 WID for IoT NTN)
CATT proposed an option 4 “UE reports the updating time of next GNSS fix” for Initial Proposal 3-2.
OPPO mentioned the issue can be put in wait for the progress of issue 1 sand 2. 
ZTE mentioned to clarify “additional” GNSS assistance information except GNSS validity duration.
Qualcomm and Xiaomi mentioned RAN2 is discussing something to this in Rel-17. In moderator’s perspective, RAN2 only agreed on UE will report the remaining GNSS validity duration to the network in 117e. However, there is no discussion in RAN2 on “additional” GNSS assistance information except GNSS validity duration.
	RAN2 -117
P2: RAN2 will follow the RAN1 agreement that UE will report the remaining GNSS validity duration to the network. FFS: value range (not clear if the values of RAN1 agreement can be used). FFS which message. 



Moderator View: Moderator’s understanding on 3-2 Option 1 is it has already been covered by Rel-17 GNSS validity timer as infinity. For Option 3 (on no GNSS restrictions) it is not the WID assumption and can be de-prioritized. Since the GNSS measurement time is UE implementation, RAN1 can discuss whether to include GNSS position fix measurement time (e.g. hot fix ~ 1s) in GNSS assistance information 
Based on the views expressed during first round, the following proposal is made.

3.4 Second Round Discussion
[bookmark: _Hlk103246986]Second Round Proposal 3a:
UE reports additional GNSS assistance information that can include at least 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.

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

	OPPO
	It is too early to agree on this proposal. The necessity of the GNSS measurement time needs to be clarified. If there is no introduction of the a GNSS measurement gap, we don’t believe that the measurement time needs to be reported to the network. 

	Lenovo
	We are OK with the proposal

	Xiaomi
	On UE capability reporting, we want to clarify that for sure the support of the simultaneously GNSS and cellular operation is not yet clear. Thus it is early to say this is out of Rel-18 scope. Our understanding is that different UE behaviour is expected with different UE capability. That’s why we think a UE capability reporting is needed.

	Apple
	We support this proposal.

	Huawei, HiSilicon
	
We don’t want to rush to directly agree to support GNSS position fix measurement time. Therefore, the following update is proposed: 
Second Round Proposal 3a revised by HW:
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. that can include 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.

	Nokia, NSB
	Agree. 
In WI phase, further detail can be studied and discussed.

	ZTE
	Support

	CMCC
	We are fine with the proposal.

	CATT
	We disagree this proposal.
GNSS measurement is UE implementation behavior, for gNB side, only caring when the GNSS position fix is to be updated, rather than GNSS measurement time. 

	MediaTek
	Agree for further study. Additional GNSS assistance information, e.g. GNSS position fix measurement time can help eNB and UE have common understanding on the duration UE needs to update GNSS, and help eNB better schedule UE, e.g. configure UE get into idle mode when cold start for GNSS is needed.

	Qualcomm
	OK, but prefer HW’s wording.

	Samsung
	We agree to further study reporting additional information by the UE, and which information to report should be discussed.

	Ericsson
	We share Huawei’s opinion.

	Spreadtrum
	We prefer Huawei’s version.



3.5 Summary of Second Round Discussion
Lenovo, Apple, Nokia, ZTE, CMCC, MediaTek, Samsung supported the proposal. 
Huawei, Qualcomm, Ericsson, Spreadtrum prefer Huawei’s suggested proposal “UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time ”.
OPPO, CATT mentioned concerns on the proposal. MediaTek clarified additional GNSS assistance information, e.g. GNSS position fix measurement time can help eNB and UE have common understanding on the duration UE needs to update GNSS, and help eNB better schedule UE, e.g. configure UE get into idle mode when cold start for GNSS is needed. 
Xiaomi mentioned UE capability reporting on the support of the simultaneously GNSS and cellular operation is needed.

Moderator View: Majority companies are supportive to the intention of the proposal, GNSS assistance information can be studied with details of pros and cons in RAN1. Moderator makes Proposal 3b by check point: May 20. 
Companies can comment directly on the RAN1 reflector

The proposal 3a was discussed and agreed on the RAN1 reflector.

	Agreement
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.



4 [CLOSED] Issue #4: Closed Loop control of UL synchronization
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
4.1 Company contributing views
	Contribution
	Observation/Proposals

	Samsung
	Proposal 1: Triggering of a new GNSS position fix can be reduced by maintaining UL synchronization via closed loop control, e.g., closed loop TA command, and closed loop pre-compensated frequency offset command.

	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 
Observation 3: For long connections in eMTC and NB-IoT over NTN, (N)PRACH-driven closed-loop time and frequency corrections lowers the GNSS power penalty from  to  (with a GNSS relaxation factor of 4), w.r.t a baseline without closed-loop corrections.
· An NPRACH design that is robust to time and frequency errors (e.g., the one based on restricted preambles in Section 4 of this contribution) is especially suitable for this.
Proposal 1: RAN1 to consider specifying (N)PRACH-driven closed-loop time and frequency corrections, to mitigate UE power consumption on account of GNSS fixes.
Proposal 2: 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 4: 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.


Samsung proposed Triggering of a new GNSS position fix can be reduced by maintaining UL synchronization via closed loop control, e.g., closed loop TA command, and closed loop pre-compensated frequency offset command.
Qualcomm proposed (N)PRACH-driven closed-loop time and frequency corrections lowers the GNSS power penalty from  to , and NPRACH resources with increased robustness to time and frequency errors.  
Lenovo mentioned “UE timing and frequency adjustment is based on UE closed-loop corrections, which may be applicable for stationary Ues or Ues with low speed. But for high-velocity Ues, the closed loop correction may not be able to track the variation. Furthermore, if there is no update GNSS position fix, it is hard for UE to calculate the UE-specific TA based on the satellite ephemeris information and UE GNSS position fix.”
Moderator View: Closed-loop time correction is aligned with previous RAN1 agreements. Closed-loop frequency correction is not supported in legacy IoT. 
To the moderator understanding, the motivation for closed-loop time and frequency corrections is to improve power consumption with reduced use of GNSS module to re-acquire GNSS position fix. RAN1 can further discuss the impact of GNSS position error to TA error and Frequency error. For example, Table 1 and Table 2 from R1-2203391 show the TA error and frequency error due to the position error of a UE that is moving without GNSS measurements for up to 60 seconds.
	Validity of UE location
	10 s
	 30 s
	60 s

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

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

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

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

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


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

	Validity      of UE location
	                                                                    
30 s
	 
60 s

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

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

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

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

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


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

4.2 FIRST ROUND Discussion
[bookmark: _Hlk103249824]Initial Proposal 4:
The following options can be considered for further study on closed loop control for potential enhancements for improved GNSS operations:  
· Option 1: Support closed loop time and frequency correction for IoT-NTN.
· Option 2: Only support closed loop time correction for IoT-NTN. 

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

	Lockheed
	Option1may facilitate reduced energy requirements

	Lenovo
	If closed loop time correction is assumed to be effective way for IoT NTN, we are open to study the feasibility of frequency correction.

	ZTE
	In our view, it’s too early to discuss closed loop correction. The GNSS measurement related behaviours are not clear. We think the majority error should be corrected by updated GNSS fix. The closed loop correction can be applied to the residual error and discussed after finishing the design of GNSS operation. Without specification of GNSS ynchron, the network cannot know the values and frequencies of corrections. 

	Qualcomm
	Option 1 is critical to enable power savings, as we have shown in our contribution. 
Even HW discuss the implications of always having to get multiple GNSS fixes, from a UE power consumption standpoint (i.e., impact to battery life).
To us, this is THE key improvement that we need to look at in this Release, if we truly want to “improve” GNSS operations—i.e., making NB-IoT Ues last as long as they were originally designed to, and not take years off of their battery lives, by making it do repeated GNSS fixes.
In the end, it is about time and frequency synchronization—which is in part facilitated by GNSS fixes. GNSS fixes consume by far the most amount of power in a typical modem setup. Simply facilitating a closed-loop frequency correction helps reduce this drastically.
Note that, for closed-loop timing correction (which you list as Option 2), the specs already provide this from its inception; nothing new to do here.

	CATT
	Need further study. For IoT UE, complicated processing in time and frequency compensation should be avoided. Actually keeping long connection in most of IoT UE is rare case, no need over-designing. 

	Nokia, NSB
	Generally, closed loop control can not replace GNSS as the GNSS may keep valid for long time.
Considering no frequency correction is supported by legacy spec, option 1 may cause large standard effort. Option 2 can be further studied.

	Samsung
	We think option 1 is preferred.

	CMCC
	We are open to this issue. It is better to discuss the feasible GNSS operation schemes during long connection time, then the impact of closed Loop control to GNSS operations can be further studied.

	Nordic
	We are open to this proposal. However, it should be first evaluated how much the GNSS validity time could be extended by the closed loop control and how much signaling that would require both from the UE and from the network.

	Huawei, HiSilicon
	As least closed loop time correction should be support, for frequency correction, further study/justification is needed.

	SONY
	We are not sure that this is in line with the SID:

improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption
Closed loop compensation might avoid the need for a new position fix during long connection time and so does not seem to be consistent with the red part of the WID.
Closed loop compensation might increase power compensation as the UE would have to continually compensate to maintain ynchronisation rather than maintain synchronisation via a GNSS position fix and satellite ephemeris information. It hence doesn’t seem to be compatible with the blue part of the WID either


	Apple
	We are not sure whether closed loop correction works well considering the satellite keeps moving. But we are open to study it further.

	Ericsson
	We support this proposal. We can start with Option 2 and may also consider Option 1. 

	MediaTek
	It can be discussed how to reduce the need for UE to update GNSS position fix in long connection time based on analysis of impact of GNSS position error on timing and frequency error for velocity Ues. The timing error is more significant issue as it is relatively more severely impacted by UE position error, but frequency error should also be taken into account. We can start with Option 2 first, and may also consider Option 1. It should be RAN1 understanding that that the RAN4 requirements for UE pre-compensation should still be met.   



4.3 [bookmark: _Hlk103164685]Summary of First Round Discussion
14 companies provided views during first round discussion.
Lenovo, CATT, Nokia, CMCC, Nordic, Huawei, Apple, Ericsson are open to further study options in the proposal. 
Option 1 “Support closed loop time and frequency correction for IoT-NTN” 
· Lockheed (may facilitate reduced energy requirements)
· Qualcomm (key improvement that needs to look at in this Release, closed loop corrections can “improve” GNSS operations—i.e., making NB-IoT Ues last as long as they were originally designed to, and not take years off of their battery lives, by making it do repeated GNSS fixes.)
· Nokia (no frequency correction is supported by legacy spec, option 1 may cause large standard effort)
Option 2: “Only support closed loop time correction for IoT-NTN”
· Ericsson (RAN1 can start with Option 2 and may also consider Option 1)
· Huawei (at least closed loop time correction should be support)
· MediaTek (start with Option 2 first, and may also consider Option 1)
CATT mentioned complicated processing in time and frequency compensation should be avoided. Keeping long connection in most of IoT UE is rare case, no need over-designing. 
ZTE mentioned it’s too early to discuss closed loop correction. ZTE think the majority error should be corrected by updated GNSS fix. The closed loop correction can be applied to the residual error and discussed after finishing the design of GNSS operation. 
CMCC mentioned it is better to discuss the feasible GNSS operation schemes during long connection time first.
SONY mentioned not sure that Closed loop compensation is in line with the SID “improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption”. Closed loop compensation might increase power compensation as the UE would have to continually compensate to maintain ynchronisation rather than maintain synchronisation via a GNSS position fix and satellite ephemeris information. 
Nokia mentioned closed loop control cannot replace GNSS as the GNSS may keep valid for long time.
Nordic mentioned it should be first evaluated how much the GNSS validity time could be extended by the closed loop control and how much signaling that would require both from the UE and from the network.
MediaTek mentioned it can be discussed how to reduce the need for UE to update GNSS position fix in long connection time based on analysis of impact of GNSS position error on timing and frequency error for velocity Ues.
Moderator View: There seems to be several views from companies. 
· One view is to discuss first on update of GNSS position fix during long connection. 
· Another view is to prioritize discussions with closed-loop timing correction to reduce impact on the specifications. 
· Several companies commented that closed-loop timing correction and frequency correction are needed to reduce impact of GNSS on power consumption. 
To moderator’s understanding, closed loop compensation may reduce the need for UE to update GNSS position fix in long connection time to reduce power consumption. RAN1 can further discuss and align understanding on whether the legacy closed-loop timing correction is sufficient and the need and potential gain for new closed-loop frequency correction. It seems also helpful to progress discussion on update of GNSS position fix during long connection (as in Issues#1, #2). It is a useful discussion for UE to reduce update of GNSS position fix in long connection time to mitigate impact on power consumption, under the assumption that the RAN4 requirements for UE pre-compensation should still be met.    

4.4 Second Round Discussion
Second Round Proposal 4a:
Further study on closed loop time correction for IoT-NTN to potentially reduce the need for UE to update GNSS position fix in long connection time is baseline  
· FFS On need and potential gain for closed loop frequency correction for IoT-NTN.
Note: It is assumed that the RAN4 requirements for UE pre-compensation should still be met.

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

	OPPO
	This proposal is somehow relevant to the FL recommendation to issue #5. Could FL please clarify from the guideline point of view are these two proposals the same?

	Lenovo
	Closed loop time correction is supported in IoT, I am not sure what kind of enhancement do we need. OK for further study the closed loop frequency correction.

	Xiaomi
	The main bullet is confusing, is the intention is to further study the closed loop time correction or to set the closed loop time correction as a baseline.

	Apple
	The Proposal need to be clarified further, our understanding on this proposal is to study closed loop time connection, and FFS closed loop frequency correction, i.e., “is baseline” is removed from main bullet. 

	Huawei, HiSilicon
	The proposal seems not clear regarding what is the baseline. Based on the input, can we update the proposal. Also, we share the view with OPPO. This issue relates with issue 5 and we suggest to discuss them together. A FFS is added accordingly.
Further study on cClosed loop time correction for IoT-NTN is considered to potentially reduce the need for UE to update GNSS position fix in long connection time is baseline  
· FFS whether or not longer validity duration can be configured by eNB compared with that reported by UE
· FFS On need and potential gain for closed loop frequency correction for IoT-NTN.
Note: It is assumed that the RAN4 requirements for UE pre-compensation should still be met.


	Nokia, NSB
	We agree further study will be good in WI phase but no need to add “is baseline”. It is OK to have FFS for frequency correction but complexity and standard effort should also be considered. We also think the note is important to be added.

	ZTE
	Fine to further discuss the closed loop correction. But update of GNSS measurement should be the baseline mechanism as stated in WID. Hence, GNSS related behaviours should be taken into account in design and evaluation. 

	CATT
	Close-loop time compensation has been supported. 

	MediaTek
	We think Huawei’s proposal is helpful clarification. On 1st bullet it can be removed for now. It can be further discussed on longer validity duration.

	Qualcomm
	1. There is nothing new to do on closed-loop time correction: it is already supported!
2. The only new thing to consider is closed-loop frequency correction!

	Samsung
	We think we should consider both time and frequency, and discuss the specific solutions next. Details can be left for next steps.

	Ericsson
	We support the proposal to study close loop time/frequency correction to optimize GNSS position fix in principal but agree that the wording can be further clarified.



4.5 Summary of Second Round Discussion
OPPPO, Huawei commented the proposal is relevant to issue #5. 
Lenovo, CATT, Qualcomm mentioned closed-loop time correction has been agreed in IoT. 
Huawei suggested a clarification proposal: “Closed loop time correction for IoT-NTN is considered to potentially reduce the need for UE to update GNSS position fix in long connection time”.
Nokia, ZTE, Samsung, Ericsson are open to study close loop time/frequency correction.

Moderator View: To the moderator understanding, issue #4 aims to study on closed loop correction to reduce UE power consumption. Whether or not longer validity duration can be configured by eNB compared with that reported by UE can be discussed in Issue#5 in next RAN1 meeting. Details on the gain and whether there are specific solutions for closed loop time/frequency correction to reduce UE power consumption can be further study.

4.6 Third Round Discussion
Third Round Proposal 4b:
Closed loop time correction for IoT-NTN is considered to potentially reduce the need for UE to update GNSS position fix in long connection time 
· FFS On need and potential gain for closed loop frequency correction for IoT-NTN.
Note: It is assumed that the RAN4 requirements for UE pre-compensation should still be met.

Companies are encouraged to provide comments within the following table. If not support, further comments:
	Companies
	Support / not support
	comments

	Xiaomi
	Generally support
	No new requirement is expected to be defined.

	Nokia, NSB
	Open for study
	We agree RAN1 should have further study on whether and how close loop time correction can potentially reduce the need for UE to update GNSS position fix in long connection. Does it mean based on legacy TA or any enhancement is needed?
For frequency error, it should firstly check whether there will be issue or not, then decide whether FFS.

From this PoV, we suggest it to be updated as

Closed loop time correction for IoT-NTN is can be considered/studied to potentially reduce the need for UE to update GNSS position fix in long connection time 
· FFS On need and potential gain for closed loop frequency correction for IoT-NTN.
Note: It is assumed that the RAN4 requirements for UE pre-compensation should still be met.


	Huawei, HiSilicon
	Support the proposal from moderator
	

	ZTE
	Fine
	

	Apple
	
	It could be better to provide some explanations of new closed loop time correction scheme on top of existing solution.  

	Nordic
	Support
	We support the study on closed loop time correction (especially for GEO) but we don’t understand at the moment how relatively slow closed loop frequency correction could help in UL pre-compensation which requires a Doppler prediction due to very high Doppler rate variation in LEO scenario.

	Ericsson
	Support
	

	MediaTek
	support
	

	Samsung
	Support
	

	Sequans
	Support
	We are fine with this proposal. Generally, it is first very important to understand if with Rel-17 IoT-NTN there can still be need for frequent GNSS fixes in both GEO and LEO scenarios from either time or frequency error. And then assess potential gains from introducing closed loop frequency correction scheme and/or additional time correction scheme.  



4.7 Summary of Third Round Discussion
Xiaomi, Nokia, Huawei, HiSilicon, ZTE, Nordic, Ericsson, MediaTek, Samsung, Sequans support the proposal.
Xiaomi mentioned no new requirement is expected to be defined.
Nokia mentioned RAN1 should have further study on whether and how close loop time correction can potentially reduce the need for UE to update GNSS position fix in long connection, whether it is based on legacy TA or any enhancement. For frequency error, it should firstly check whether there will be issue or not, then decide whether FFS.

Apple mentioned it could be better to provide some explanations of new closed loop time correction scheme on top of existing solution.  

Nordic mentioned how relatively slow closed loop frequency correction could help in UL pre-compensation which requires a Doppler prediction due to very high Doppler rate variation in LEO scenario.

Sequans mentioned it is first very important to understand if with Rel-17 IoT-NTN there can still be need for frequent GNSS fixes in both GEO and LEO scenarios from either time or frequency error. And then assess potential gains from introducing closed loop frequency correction scheme and/or additional time correction scheme.

Moderator View: The proposal seems to be supported by commenting companies. 

The proposal 4b was discussed and agreed at the May 19 GTW.

	Agreement
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 



5 [CLOSED] Issue #5: New GNSS validity configured by Enb 
5.1 Company contributing views
	Contribution
	Observation/Proposals

	Huawei
	[bookmark: _Hlk102494808]Proposal 2: New GNSS validity for GNSS position fix (if needed) can be configured by the Enb during the long-term connection, which could be longer than the GNSS validity duration information reported by UE.


It has already been supported by Rel-17 as follows:
· 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}

[image: ]
Figure 1. GNSS position fix with new GNSS validity
Huawei discussed in R1-2203161 “The GNSS validity duration reported by UE is mainly evaluated by its speed. However, the TA error caused by UE’s movement can also be compensated by closed loop TAC and the actual validity duration of GNSS position fix can be longer than the one reported by UE. With more frequent TAC adjustment, less GNSS position fix is needed. For example, a UE with speed of 5m/s, the maximum time error caused merely by GNSS is around 64.5Tc and the validity duration is less than 4s if current timing error of ±256 Tc is used and no prediction of speed is applied at the UE side. If timing error is corrected by TAC every 3s, the timing error caused by GNSS can be fully corrected when other timing error are not considered. Then, there is no need to do GNSS position fix during the connection theoretically. More practically, if 5Tc of error is accumulated after each 3s of TAC adjustment when other timing error are considered (e.g. error from ephemeris and common TA), the validity of GNSS is 153s”. 
[bookmark: _Hlk102760014]Moderator View: The timing error for IoT NTN can be caused by UE’s movement, satellite’s movement, GNSS position error. Closed loop TAC can compensate the service link TA error caused by not only UE’s movement. RAN1 can discuss further whether more frequent TAC adjustment is beneficial with a longer UL synchronization validity or a longer validity duration of GNSS position fix.  

5.2 FIRST ROUND Discussion
FL recommendation:
Companies are encouraged to discuss further whether it is beneficial if Enb configures a longer validity duration of GNSS position fix with more frequent TAC adjustment.  

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

	OPPO
	It would be risky to rely too much on close-loop TAC. The major takeaway from R17 NTN-NR is the open loop sync is quite important. Secondly, in IOT system, there might be massive device connections. Frequency TAC adjustment may overload the system. 

	Lockheed
	Agree

	Lenovo
	Configure the validity duration is up to Enb implementation.

	ZTE
	It’s too early to make decision on such issue. We agree that more frequent TAC adjustment can mitigate timing error caused by GNSS error to some extent. However, the GNSS measurement related behaviours are not clear. Without specification of GNSS ehavior, the network cannot know how long the validity duration should be configured. Moreover, for long single transmission (i.e., when repetition number is large), UE cannot receive TAC during ongoing repetition. In this case, frequent TAC will not work if the timing error exceed tolerance before finishing the transmission.

	Qualcomm
	May be considered; however, note that, just TAC adjustment will not work. We NEED frequency adjustment as well, to make something like this work.
As we have stated before, frequency correction commands by the Enb is THE key missing element in facilitating power-saving proposals like this.

	CATT
	Need further study.

	Xiaomi
	It is up to the Enb’s configuration, we don’t see a restriction to preclude that.

	Nokia, NSB
	We think it is reasonable to study further on Enb configuring a longer validity duration of GNSS position fix for some cases, e.g. with small number of repetitions requested. 
Additionally, network configuring the validity duration based on UE report can be first step. Then how network do if configured a longer validity duration should be further studied. There may be more issues, e.g. when Enb detected small time error from UE side or large time error from UE side.

	Samsung
	It can be up to be Enb implementation. No specification impact.

	Nordic
	This needs further study. As Qualcomm pointed out the frequency adjustment may be also needed, in addition to TAC adjustment.

	Huawei, HiSilicon
	Refer to the agreements cited by moderator as following, legacy specification does not support this configuration. So, this has specification impact.

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}

We think this should be further studied considering UE may report a conservative validity duration only e.g. based on its speed, if closed loop TAC adjustment is applied, the real validity duration can be largely extended especially for UE will low speed.
We are open for the close loop control of frequency in addition.

	SONY
	This may be considered. It needs further study

	Apple
	The issue can be study further. Frequent TAC updates may not be available, such as with larger number of repetitions. 

	Ericsson
	We are open to this proposal but this needs further study.

	Spreadtrum
	We are open to this proposal.



5.3 Summary of First Round Discussion
Moderator View: For the validity duration, it has been agreed in Rel-17 that UE should report its GNSS validity duration. Huawei proposed Enb can configure a new GNSS validity duration based on UE reported GNSS validity duration and frequency of TAC adjustment. Majority commented companies think this issue needs further study. Since this is the first time for this issue, it’s Moderator’s view that companies may need more time to analyse it. So, it is recommended that we revisit this issue at the next RAN1 meeting.
FL recommendation:
Companies are encouraged to discuss further whether it is beneficial if eNB configures a longer validity duration of GNSS position fix with more frequent TAC adjustment. 

6 [CLOSED] Issue #6: Validity of GNSS measurement 
6.1 Company contributing views
	Contribution
	Observation/Proposals

	Spreadtrum
	[bookmark: _Hlk102496748]Proposal 2: UE can determine whether to perform GNSS measurement according to the arrival of uplink data and whether the last GNSS location information is valid in connected mode.
Proposal 3: The network triggering UE to perform GNSS measurement should be considered in R18.

	CATT
	[bookmark: _Hlk102497837]Proposal 3: If the synchronization error is acceptable due to GNSS position out-of-date, allow UE to continue its transmission in case that GNSS expiry is in the middle of one long transmission.

	Nokia 
	Observation 4: UE may not be aware that it is moving during a long connection (uplink repetitions), because it cannot use the GNSS simultaneously. The UE movement will result in misaligned transmission timing.
Proposal 4: GNSS error because of UE-unawared movement should be studied and solved.
Proposal 5: To save power consumption and latency, keeping RRC connection and new UL synchronization after re-acquiring GNSS should be considered for long term ehaviorg, instead of going back to IDLE mode.
[bookmark: _Hlk102497725]Proposal 6: How to solve the issue as GNSS expire during the long repetition for IoT should be studied.

	Samsung
	Proposal 2: Acquiring a new GNSS position fix during a long connection time can be triggered by UE when there are UL data to transmit and the UL synchronization is lost. 
Proposal 3: Acquiring a new GNSS position fix during a long connection time can be triggered by Enb when there are DL data to transmit and the UL synchronization is lost.

	Apple
	Proposal 3: RAN1 is to consider the interaction between GNSS measurement and C-DRX.

	CMCC
	Proposal 5. For long connection, the power consumption of potential mechanisms that enable alternate GNSS measurement and data transmission needs to be evaluated. 


Spreadtrum and Samsung proposed UE triggered and network triggered GNSS measurement.
CATT proposed If the synchronization error is acceptable due to GNSS position out-of-date, allow UE to continue its transmission in case that GNSS expiry is in the middle of one long transmission.
Nokia mentioned How to solve the issue as GNSS expire during the long repetition for IoT should be studied.
Apple mentioned In UE’s RRC connected state, UE may have C-DRX configuration. 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 perform GNSS measurement just before UE is on active state, or just after receiving the paging information. 
Moderator View: To the moderator understanding, the issue for discussion is potential enhancements to reduce impact of GNSS measurement on power consumption to UE during long connection time. When GNSS validity duration expires, there is GNSS position error accumulation caused by UE being unaware of its movement if it does not re-acquire a new GNSS position fix. RAN1 can discuss whether GNSS measurement for GNSS position fix can be triggered by UE itself or by network with GNSS validity duration is known to both UE and network. The inactive state of C-DRX can be 2.56 seconds or less. This is sufficient for GNSS measurements assuming hot fix of 1-2 s without any significant impact on GNSS validity duration.

6.2 FIRST ROUND Discussion
FL recommendation:
Companies are encouraged to comment on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 
· UE continues its long transmission after GNSS validity duration expires.

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

	
	

	Lenovo
	OK with the proposal, prefer the configuration is controlled by Enb

	ZTE
	In our view, UE can just perform GNSS measurement in the configured gap. There is no need to specify addition triggering mechanism for GNSS measurement. If the mobility status is changed, UE can trigger an update of the intervals between GNSS measurement gaps instead of directly trigger a measurement. With this mechanism, UE and GNSS have good consensus on the time for measurement to avoid scheduling during this time period.
When GNSS validity duration expires, it’s better to let UE re-acquire GNSS. If UE continues its long transmission, UE and network will lose consensus on when the UL synchronization can be kept.

	Qualcomm
	UE will need to trigger something, in the absence of a mechanism to “extend” the validity, as discussed in Section 5 (I think the original proposal was by HW).
All options listed may be on the table as possibilities, but “additional mechanisms” may be required to facilitate e.g., transmission after GNSS validity expiry (which to us, is a perfectly legitimate enhancement)—most notably, closed-loop time AND frequency corrections from the network to make sure the UE maintains time/frequency sync even in the absence of a (recent) valid GNSS.
This is also why we are sceptical about your “Initial Proposal 1” on “always maintaining valid GNSS”, since it contradicts enhancements such as these.

	CATT
	If GNSS expiry is happening in the middle of one transmission, continuing this transmission can be allowed. 

	Nokia, NSB
	First of all, it should be network to know and control UE’s behavior for GNSS measurement and action after GNSS validity duration expire. 
Considering non simultaneous operation of GNSS and IoT operation, network need to control when UE to re-acquire GNSS and when UE to do UL/DL operation.
Network controlled schemes for GNSS measurement, i.e. all options should be network controlled, should be further studied.

	Samsung
	We think GNSS measurement can be triggered by UE, e.g., UL data is arrived but UL synchronization is lost. And, GNSS measurement can also be triggered by Enb, e.g., DL data is arrived but UL synchronization is lost. Detail triggering conditions for GNSS measurement can be further discussed.
If UL synchronization is maintained via closed loop time/frequency control, UE can continue transmission even if GNSS validity timer is expired.

	CMCC
	Regardless whether the GNSS measurement is triggered by the UE or the network, there should be a consensus between the UE and the network that data transmission will automatically skip the GNSS measurement, which may depend on the network implementation.
It is suggested that the network determines the configuration of the GNSS measurement gap based on the assistance information reported by UE, then the configuration of GNSS measurement gap will be indicated to the UE through RRC ehaviorg. As a result, UE can perform GNSS measurement periodically and automatically switch between GNSS and NB-IoT/Emtc operation. 

	Nordic
	It would be beneficial if both the UE and the network could trigger the GNSS measurement gap, if either one notice the need for it.

	Huawei, HiSilicon
	Support NW triggered GNSS measurement with the assistant information reported by UE to coordinate the scheduling among Ues.
As UE may probability out of synchronization if it continues its long transmission after GNSS validity duration expires, we prefer not to support UE continues its long transmission after GNSS validity duration expires.

	SONY
	At least the first two bullets should be supported.
UE triggered GNSS measurements are useful when UL data arrives in the UE’s buffers, but the UE does not have a long-term-valid GNSS measurement
Enb triggered GNSS measurements is useful when the Enb determines that the synchronization state of the UE is poor (e.g. if frequent TAC commands are required, the Enb could understand / surmise that the UE has moved and the UE needs to refresh its GNSS position fix).

	Apple 
	This is related to Proposal 2, which GNSS measurement scheme is applied. But anyway, Enb and UE should be aligned on the time of GNSS measurement to avoid the data loss.

	Ericsson
	We think that these enhancements can be beneficial but further discussion is needed.

	Spreadtrum
	Both NW triggered GNSS measurement and UE triggered GNSS measurement can be considered.

	MediaTek
	We have preference for UE triggered GNSS measurement. Even if UE report it GNSS validity duration, the UE is best able to determine when a new GNSS measurement would be needed.   



6.3 Summary of First Round Discussion
On “UE triggered GNSS measurement” is preferred by Samsung, Nordic, Sony, MediaTek
· Samsung (triggered by UE, e.g., UL data is arrived, but UL synchronization is lost)
· Sony (UE triggered GNSS measurements are useful when UL data arrives in the UE’s buffers, but the UE does not have a long-term-valid GNSS measurement)
· MediaTek (Even if UE report it GNSS validity duration, the UE is best able to determine when a new GNSS measurement would be needed)
On “Network triggered GNSS measurement” is preferred by Lenovo, Samsung, Nordic, Huawei, Sony
· Samsung (triggered by Enb, e.g., DL data is arrived, but UL synchronization is lost.)
· Huawei (NW triggered GNSS measurement with the assistant information reported by UE to coordinate the scheduling among Ues)
· Sony (Enb triggered GNSS measurements is useful when the Enb determines that the synchronization state of the UE is poor)
On “UE continues its long transmission after GNSS validity duration expires”
· ZTE (When GNSS validity duration expires, it’s better to let UE re-acquire GNSS)
· CATT (If GNSS expiry is happening, continuing this transmission can be allowed)
· Samsung (If UL synchronization is maintained via closed loop time/frequency control, UE can continue transmission even if GNSS validity timer is expired.)
· Huawei (prefer not to support UE continues its long transmission after GNSS validity duration expires.)
Qualcomm mentioned UE will need to trigger something, in the absence of a mechanism to “extend” the validity.
ZTE mentioned UE can just perform GNSS measurement in the configured gap. There is no need to specify addition triggering mechanism for GNSS measurement. If the mobility status is changed, UE can trigger an update of the intervals between GNSS measurement gaps instead of directly trigger a measurement.
Nokia mentioned Network controlled schemes for GNSS measurement, i.e. all options should be network controlled, should be further studied.
CMCC mentioned regardless whether the GNSS measurement is triggered by the UE or the network, there should be a consensus between the UE and the network that data transmission will automatically skip the GNSS measurement, which may depend on the network implementation.
Apple mentioned Enb and UE should be aligned on the time of GNSS measurement to avoid the data loss.
Ericsson mentioned that these enhancements can be beneficial but further discussion is needed.

Moderator View: On “UE continues its long transmission after GNSS validity duration expires”, it seems it is a corner case and can be de-prioritized in this meeting. When UL synchronization is lost during long connection, UE may need to re-acquire GNSS measurement, whether UE trigged or network triggered can further discuss. 
Based on the views expressed during first round, the following proposal is made.

6.4 Second Round Discussion
Second Round Proposal 6a:
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. 

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

	Lenovo
	We are OK for further study

	Xiaomi
	Fine

	Apple
	Ok with this Propopsal.

	Huawei, HiSilicon
	We feel the proposal seems too vague and maybe the following proposal can be considered:
At least the following is considered 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. 
By the way, in the last round, we have commented that “As UE may probability out of synchronization if it continues its long transmission after GNSS validity duration expires, we prefer not to support UE continues its long transmission after GNSS validity duration expires.”. This comment is under the assumption that if the GNSS validity duration could be extended by Enb using e.g. closed loop TAC, the UE should not transmit after this prolonged GNSS validity duration expires. 
Therefore, we think it is quite essential to discuss the issue#5, which would also impact the discussion here. And we have provided our comments in proposal 4 to discuss issue#5 together with issue#4.

	Nokia, NSB
	Agree for further study in this early stage. 
Anyway, as no simultaneous operation between IoT and GNSS operation, it should also be FFS for each option, how to guarantee there is common understanding between UE and network. 


	ZTE
	We are fine to discuss triggering some thing in case the reported GNSS validity duration is not accurate enough. However, we prefer to trigger a change of GNSS measurement window configuration instead of directly triggering a GNSS measurement. In this case, the behavior can be unified, i.e., UE measures GNSS within the configured window. There is no need to define a separate mechanism specifically for the corner case where UE’s mobility status changes significantly during the GNSS validity duration.

	CMCC
	We are fine to further study the issue on triggering GNSS measurement. 

	CATT
	UE can autonomously conduct the GNSSN measurement since it has complete information on when or whether to update GNSS position fix. Is there any technique reason to introduce network triggered GNSS measurement?

	MediaTek
	Agree for the proposal.

	Qualcomm
	OK.

	Samsung
	OK with the proposal.

	Ericsson
	OK

	Spreadtrum
	Support.



6.5 Summary of Second Round Discussion
Lenovo, Xiaomi, Apple, Nokia, CMCC, MediaTek, Qualcomm, Samsung, Ericsson, Spreadtrum supported the proposal. 
Huawei suggested a simplified proposal “At least the following is considered for long connection time”.
ZTE mentioned they preferred to trigger a change of GNSS measurement window configuration instead of directly triggering a GNSS measurement. In this case, the behavior can be unified, i.e., UE measures GNSS within the configured window. 
CATT mentioned whether is there any technique reason to introduce network triggered GNSS measurement? Samsung, Huawei, Sony clarified the cases and merits of network triggered GNSS measurement in first round comments.

Moderator View: Majority companies support to the proposal, To the moderator understanding, change of GNSS measurement window configuration can be discussed as UE assistance information. Moderator makes Proposal 6a by check point: May 20. 
Companies can comment directly on the RAN1 reflector

The proposal 6a was discussed and agreed on the RAN1 reflector.

	Agreement
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. 



7 [CLOSED] MISC [Low Priority]
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 7.1, 7.2, 7.3, 7.4.
7.1 GNSS measurement in idle mode 
7.1.1 Company contributing views
	Contribution
	Observation/Proposals

	Ericsson
	Observation 2: The GNSS acquisition time needs to be accounted for in the paging procedure.
Proposal 2: RAN1 to discuss and decide on introducing GNSS measurement gaps in IoT NTN for paging idle mode UEs.


Ericsson proposed introducing GNSS measurement gaps in IoT NTN for paging idle mode UEs. GNSS time-to-first-fix (TTFF) may take several seconds - anywhere from 1 sec (hot start), 5 sec (warm start), or up to 30 sec (cold start) depending on when the GNSS position fix was last acquired. While it is obvious that the GNSS acquisition time needs to be accounted for in the paging procedure, it is not clear whether a measurement gap is needed to allow for the GNSS acquisition in between a paging occasion and before random access.
Moderator View: The Rel-18 WID is mainly focusing on during long connection times not idle mode. The issue of GNSS measurements in idle mode was discussed over multiple meetings in RAN1 without consensus on need of enhancements. De-prioritize GNSS measurement in idle mode in Rel-18.

[bookmark: _Hlk103256609]FL recommendation – 7.1:
The Rel-18 WID is mainly focusing on during long connection times not idle mode. The issue of GNSS measurements in idle mode was discussed over multiple meetings in RAN1 without consensus on need of enhancements. De-prioritize GNSS measurement in idle mode in Rel-18.

[bookmark: _Hlk102743535]7.2 Acquisition of assistance information for UL time/frequency synchronization in Connected
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.

For UL validity timer expiry case:
RAN2 Agreement:
· 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.

7.2.1 Company contributing views
	Contribution
	Observation/Proposals

	Huawei
	Proposal 3: The update of assistance information for UL time/frequency synchronization upon expiration of validity timer should be supported for long connection. 
Proposal 4: For long-term connections, windows for NTN SIB reading can be assigned for the maintenance of UL time/frequency synchronization.

	xiaomi
	Proposal 3: The IoT UE can acquire the assistant information from SIBx in connected mode.

	Nokia
	Observation 7: Ephemeris validity timer may expire during a UE’s uplink transmission using repetitions.
Proposal 9: How to require ephemeris and update TA during the long repetition should be studied.



Nokia proposed Ephemeris validity timer may expire during a UE’s uplink transmission using repetitions and How to require ephemeris and update TA during the long repetition should be studied.
Huawei and xiaomi proposed acquisition of assistance information for UL time/frequency synchronization upon expiration of validity timer should be supported for long connection. And Huawei proposed windows for NTN SIB reading can be assigned for the maintenance of UL time/frequency synchronization.  
Moderator View: RAN2 are discussing solutions for acquisition of satellite assistance information for UL time/frequency synchronization in Connected in Rel-17, the following procedure is referred from R2-2203810. A new window to re-acquire NTN SIB in RRC CONNECTED was discussed in Rel-17 without consensus and may have some impact on spec. There is no objective for enhancements to re-acquire satellite assistance information in Rel-18 WID. This issue can be de-prioritized.
	36.331 5.3.3.y	T31X expiry (R2-2203810)
The UE shall:
1>	if in RRC_CONNECTED:
2>	inform lower layers that the UL synchronisation is lost;
2>	start timer T31Y;
2>	acquire SystemInformationBlockTypeXX (SystemInformationBlockTypeXX-NB in NB-IoT) as specified in 5.2.2;
2>	upon successful acquisition of SystemInformationBlockTypeXX (SystemInformationBlockTypeXX-NB in NB-IoT):
3>	stop timer T31Y;
3>	inform lower layers that the UL synchronisation is restored;
NOTE:	SystemInformationBlockTypeXX (SystemInformationBlockTypeXX-NB in NB-IoT) may be broadcast on a different narrowband or different NB-IoT carrier than the one configured to the UE.
Editor’s Note: Agreement: 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).
Editor’s Note: Editor: FFS whether a new timer T31Y is signalled or the value signalled for T310 is used.



[bookmark: _Hlk103256626]FL recommendation – 7.2:
RAN2 are discussing solutions for acquisition of satellite assistance information for UL time/frequency synchronization in Connected in Rel-17 as depicted in R2-2203810. There is no objective for enhancements to re-acquire satellite assistance information in Rel-18 WID. This issue can be de-prioritized.

7.3 Enhanced UL segmented transmission
7.3.1 Company contributing views
	Contribution
	Observation/Proposals

	Nokia
	Observation 5: Over a long uplink transmission the elevation angle change will cause large variation of TA drift rate.
Observation 6: Different segment sizes may be needed depending on the TA drift rate. 
Proposal 7: RAN1 to discuss how to configure multiple segment sizes for an uplink transmission. 
Proposal 8: How to reduce the TA error for repetitions in the segment should be considered and discussed. 



Nokia proposed to discuss how to configure multiple segment sizes for an uplink transmission and how to reduce the TA error for repetitions in the segment. In release 17 the use of transmission segments within a transmission block of 256 ms was specified to perform TA error compensation due to time drift caused by the satellite movement. During the transmission period of the multiple blocks, the TA drift rate will dramatically change due to the wide range of elevation angle of the satellite as the satellite moves along the orbit. Therefore, it can be needed to update the segment configuration every block of 256 ms. That will however increase signaling overhead with additional delay and some risk of link failure during a long UL transmission. Also, to avoid such segment configuration update, a single segment can be set to the shortest segment duration that is commonly applicable to UE in any elevation angle. However, it will also result in more frequent TA adjustments than necessary, thus adding to the UE processing complexity. Moreover, half-duplex UE transmitting in uplink cannot receive the downlink data indicating a segment change. Therefore, a half-duplex UE needs to complete all current uplink repetitions before changing uplink segment size according to a downlink indication. One approach to handle the issue of need for different segment sizes during a long uplink transmission is to configure multiple segment sizes, such that UE can switch from one segment size to the next during a single transmission. This will provide for a better tradeoff between segment duration and segment configuration signaling overhead. In RAN1 it is not discussed which subframe/repetition of the segment the TA is adjusted for. A general way is like UE processing in TN, where the TA error for the first subframe (of the segment) will be 0 us. Thus the TA error for the following subframes will increase with time. For the last subframe m the TA error may be determined as ∆TA * (m-1), where ∆TA is the TA drifting in time of one subframe. As the maximum time error of transmission can not be larger than RAN4 requirement, the value of ∆TA * (m-1) also directly limit the size of the segment. It is good to note that the TA error will impact the decoding performance of the repetitions. The smaller the TA error, the better performance.  
Moderator View: UL segmented transmission has been discussed in Rel-17. RAN1 are specifying UL segmented transmission in Rel-17. Enhancements to UL segmented transmissions are not in scope of Rel-18 IoT NTN WID. It can be de-prioritized in Rel-18.

[bookmark: _Hlk103256640]FL recommendation- 7.3:
UL segmented transmission has been discussed in Rel-17. RAN1 are specifying UL segmented transmission in Rel-17. Enhancements to UL segmented transmissions are not in scope of Rel-18 IoT NTN WID. It can be de-prioritized in Rel-18. 

7.4 Repetition continuation between two NTN cells 
7.4.1 Company contributing views
	Contribution
	Observation/Proposals

	Nokia
	Proposal 10: RAN1 should discuss the issue of repetition continuation between two NTN cells.



Nokia proposed discussing the issue of repetition continuation between two NTN cells. The transmission times of 10s and 40s, can be larger than the time the UE is served by a single cell in the LEO scenarios. For example, the maximum coverage time of one cell may be 50 km / 7.56 km/s =6.6 s based on the assumption of 50km satellite beam diameter for set 1, or 234 km /7.56 km/s = 31s for set 3 with 234km satellite beam diameter. When considering the transparent scenario, at least intra-satellite mobility would entail the two cells most likely originate from the same eNB and thus transfer of received bits would be an eNB-internal process. The target would be to enable the data transfer to continue after a cell reselection instead of restarting. Likewise, the procedure could be for handovers in eMTC and should support both uplink and downlink data transfes. Thus, it is suggested that RAN1 can consider if such continuation is feasible on the PHY layer in terms of keeping soft bits/repetition data, while solutions on higher layer RLC can also be envisioned. This is required to support the long connection times, which are envisioned by the objective in release 18
Moderator View: RAN2 has made agreements “No enhancement to R16 CHO are introduced in R17.” in RAN2 116e. It needs to be clarified that in Rel-17 IoT NTN, HO is only for eMTC. In NB-IoT, there is no HO. Further, when there is HO the HARQ buffers are flushed (for eMTC). Repetition continuation between two NTN cells is not in scope of Rel-18 in moderator view. Impact on RAN1/RAN2 specs is likely to be significant.  

[bookmark: _Hlk103256655]FL Recommendation – 7.4:
De-prioritize repetition continuation between two NTN cells as it is not in scope of Rel-18 IoT NTN WID 

7.5 First Round Discussion
Companies are encouraged to provide comments the FL recommendations made for sub-sections 7.1, 7.2, 7.3, 7.4 within the following table:
	Companies
	Comments

	Lockheed
	Agree

	ZTE
	W.r.t 7.1, support to de-prioritze the discussion on GNSS measurement in IDLE mode.
W.r.t 7.2, we think re-acquiring assistance information in long connection can be discussed since SIB is not expected to be read in RRC_CONNECTED mode in legacy NB-IoT.
W.r.t 7.3, support to de-prioritize further enhancement on UL segmented transmission
W.r.t 7.4, repetition continuation between two NTN cells may be beneficial since handover is very likely to happen in long connection due to high mobility of satellite in LEO case.

	Nokia, NSB
	Comments per FL recommendation:
7.1 We acknowledge the issue identified by Ericsson. It may be problematic for the network that the delay between paging message and random access can vary from 1 s to 30 s depending on GNSS measurement. 
7.2 The WID targets to facilitate GNSS measurement during a long connection but does not mention the satellite assistance information acquisition. However, if the latter is not optimized the result will be that long connections do not work well, because UE will experience satellite assistance information becomes invalid during the long connection. Thus, both GNSS measurement and satellite assistance information acquisition should be enhanced to support long connections.
7.3 Rel-17 focused on short connections, while rel-18 focus on long connections. Therefore, the segmented transmission has different impact, i.e. the trade-off between segment duration and timing error is worse in a long connection. To ensure the timing error is within the limits the segment duration has to be configured for the worst case, i.e. small segment size for smallest elevation angle, which in a long connection will lead to a segment duration, which does not suit large parts of the connection. That may cause a significant increasing of the segment processing, including TA adjustment, dropping. This issue may happen in case when long repetition last for up to 10s ~40 s as the maximum repetition duration for one packet. While for other case with long connection, frequent RRC signaling for segment configuration will be needed, with large overhead, which should be avoided. As Rel18 is for long connection, we propose this issue should be discussed and solved.
7.4 Handover/cell reselection may happen for long connection case, especially when there are long repetitions for deep coverage of IoT UE. When long repetition is needed, e.g. 10s~40s repetitions to support large pathloss of NTN, the transmission may not complete in one NTN cell. Continuation of repetition is to guarantee service available for deep coverage in NTN. If no, then coverage of IoT NTN is reduced, because the number of repetitions has to be limited. For long connection of Rel18, continuation of transmission between cells should be important and with high priority.

	Samsung
	Support to de-prioritize above issues in 7.1, 7.2, 7.3, and 7.4.

	Huawei, HiSilicon
	We don’t think 7.2 should be deprioritized. Besides what Nokia and ZTE commented, we think the acquisition of ephemeris information belongs to the scope of GNSS validity duration discussion. 
For long connection, the GNSS validity duration length should be discussed anyway and it could be possible to be smaller or larger than length of the SIB validity duration. For the latter case, we need to give the mechanism how the GNSS operation can work well to compensate uplink timing, including re-acquiring SIB information or some other way if possible, or claimed that the enhanced GNSS operation is not supported in this case.
Anyway, we think we need discussion to complete the study of enhanced GNSS operation.

	SONY
	7.1. While this is a valid issue, we think it isn’t part of the WID.
7.2. We hope that this gets fixed in Rel-17. If not, we could ask for the WID to be updated at RAN plenary to include this issue.
7.3. We think that this is an optimisation and doesn’t need to be considered.
7.4. This is an issue for LEO satellites. Given that there are many repetitions in poor coverage and the UE may not be connected to a LEO cell for long, it should be possible to start the repetitions in one cell and finish them in the next cell. We would like this issue to be considered for long connections in IDLE mode.

	Ericsson
	7.1.1: We think this is closely related to optimized and energy efficient GNSS operation and can be considered in Rel-18. We also acknowledge the emphasis on long connection times, i.e., connected mode in this WI.
7.1.2: Same comment as above. This is essential but not spelled out in the WID.
7.1.3, 7.1.4: While they may be nice optimization, we tend to agree with FL recommendation.   

	MediaTek
	7.1.1 RAN1 discussed extensively GNSS measurements in idle mode. There was no consensus on need to do anything with adequate paging timer configuration There is no objective in Rel-18 WID for this topic.  
7.2.1 RAN2 are still discussing this issue. RAN2 has agreed in RAN2 117e “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)”. There is no objective in Rel-18 WID for this topic.
7.3.1 Can be de-prioritized. There is no objective in Rel-18 WID for this topic.
7.4.1 Can be de-prioritized. There is no objective in Rel-18 WID for this topic.



7.6 Summary of First round discussion
Given the views expressed during first round as summarized in the following table.
	Views
	Observations

	De-prioritize FL recommendation 7.1
	Lockheed, ZTE, Samsung, Sony, MediaTek think the issue can be de-prioritized. 
Sony mentioned this is a valid issue but it isn’t part of the Rel-18 WID. 
Ericsson mentioned this is closely related to optimized and energy efficient GNSS operation. 
MediaTek mentioned RAN1 discussed extensively GNSS measurements in idle mode with no consensus. There is no objective in Rel-18 WID for this topic.
Moderator View: This issue was discussed in Rel-17 without consensus on need for potential enhancements. It can be de-prioritized since there is no objective in Rel-18 WID to specify further enhancements in idle mode.

	De-prioritize FL recommendation 7.2
	Lockheed, Samsung, MediaTek think the issue can be de-prioritized.
Some companies mentioned UE may need to re-acquiring assistance information in long connection. 
Huawei don’t think 7.2 should be deprioritized. Ericsson mentioned this is not spelled out in the WID. Nokia mentioned both GNSS measurement and satellite assistance information acquisition should be enhanced to support long connections. 
Sony mentioned this gets fixed in Rel-17. If not, this issue can be updated for WID at RAN plenary.
MediaTek mentioned RAN2 has agreed in RAN2 117e “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)”. There is no objective in Rel-18 WID for this topic.
Moderator View: Acquisition of assistance information for UL time/frequency synchronization in Connected was discussed in Rel-17 in RAN1 and RAN2. There is no objective in Rel-18 for Acquisition of assistance information for UL time/frequency synchronization in Connected. It can be de-prioritized in Rel-18 WID.

	De-prioritize FL recommendation 7.3
	Lockheed, ZTE, Samsung, Sony, Ericsson, MediaTek think the issue can be de-prioritized. 
Nokia mentioned the segmented transmission has different impact for Rel-18 focused on long connections. 
Sony and Ericsson mentioned this is an optimisation not a fundamental issue. 
Moderator View: This topic is not in Rel-18 WID and can be de-prioritized in Rel-18. 

	De-prioritize FL recommendation 7.4
	Lockheed, Samsung, Ericsson, MediaTek think the issue can be de-prioritized. 
ZTE and Sony mentioned this is an issue in LEO case with many repetitions.
Nokia mentioned Handover/cell reselection may happen for long connection case, continuation of transmission between cells should be important and with high priority. 
Sony mentioned this issue can consider for long connections in IDLE mode.
Ericsson mentioned this is an optimisation not a fundamental issue. 
Moderator View: This topic is not in Rel-18 WID and can be de-prioritized in Rel-18.



There were further discussions on the RAN1 reflectors on the FL recommendations and Section 7 being closed too early and not encouraging company comments in 2nd round. We summarize the comments on RAN1 reflector below
On 7.1.1, GNSS measurement in idle mode: 
· Qualcomm commented that long connections also imply that there may be “periods of inactivity”, after which the UE reconnects to the cell. For such cases, making use of a previously acquired GNSS fix (e.g., with simple enhancements) may greatly improve UE battery life, as opposed to always being forced to read GNSS, every time it goes to IDLE (even if for a short time).
On 7.2.1, Acquisition of assistance information for UL time/frequency synchronization in Connected
· Xiaomi clarified their understanding on the RAN2’s agreement is that upon the assistance information expires, a new defined timer is started, UE can re-acquire the assistance information during the timer while stays in connected mode. If the UE doesn’t re-acquire the updated information until timer expires, it performs RLF. If this is the correct understanding, although the target scenarios is for sporadic transmission in Rel-17. The mechanism can be naturally re-used in Rel-18 for long transmission which means UE can re-acquire the assistance information without going to the idle mode.
· ZTE commented in order to achieve long connection, update of GNSS position fix and assistance information are both needed. The discussion in RAN2 about assistance information update is based on short sporadic transmission assumed in Rel-17, which is not reasonable to be used to object further enhancement for long connection scenario in Rel-18. Therefore, we think issue 7.2 should studied in Rel-18. ZTE commented that long UL transmission scenario should be considered in the study of long connection. In NB-IoT, the maximum transmission duration of a single NPUSCH can be as long as 40.96s, which may even be longer than the validity duration. In our understanding, RAN2 agreements do not consider such scenario. Once the validity timer expires during a long UL transmission, UE should retransmit the long NPUSCH after re-acquiring new assistance information. When the validity duration is short, frequent retransmission will cost much resources. With above consideration, we think update of assistance information should not be precluded at such early stage.
· Huawei clarified they did not mention “spelled out” in their first round comment (this was corrected in FL summary on 7.5) and mentioned 7.2 should not be deprioritized. Huawei commented the acquisition of ephemeris information belongs to the scope of GNSS validity duration discussion. For long connection, the GNSS validity duration length should be discussed anyway and it could be possible to be smaller or larger than length of the SIB validity duration. For the latter case, we need to give the mechanism how the GNSS operation can work well to compensate uplink timing, including re-acquiring SIB information or some other way if possible, or claimed that the enhanced GNSS operation is not supported in this case. Huawei commented that RAN2 conclusion mentioned by the moderator is for the short connection case and includes “There is some support for enhancements for long data transmissions, which could be Rel-18.” in RAN2 agreements. 

Nokia commented Rel17 only discuss the issues and solutions for short sporadic transmission, issues for long connection case should be studied in Rel18. This is to make the IoT NTN system complete and workable. Based on our understanding, we can not preclude any issue related to long connection in this early stage, which should be studied in Rel18 WI phase. We think all the issues mentioned in section 7 should be further studied and we need to discuss them in detail in the following meetings.

Moderator View:
Based on the views expressed during first round and on the RAN1 reflector, moderator revised FL recommendations
FL recommendation 7.1 is revised in 7.1a to include new case where long connections also imply that there may be “periods of inactivity”, after which the UE reconnects to the cell. For such cases, making use of a previously acquired GNSS fix. To the moderator understanding, as an example assume that a GNSS position fix is valid for 60s, and further assume UE moves to connected every 10s to send a packet, then goes to idle. It seems reasonable if UE keeps same GNSS position fix for 60 s to save power consumption.
[bookmark: _Hlk103682100]FL recommendation 7.1 is revised in 7.1a. Companies can further align understanding on whether re-acquiring the NTN SIB with ephemeris and common TA parameters would improve GNSS operations, and whether there is need and gains for further potential enhancements for re-acquiring NTN SIB in addition to Rel-17. 
The same FL recommendation 7.3 and 7.4 is made, there is not enough consensus to further study as a priority. Proponents of further enhancements on these topics are encouraged to further discuss offline with companies to get more support. 

7.7 Second Round Discussion

FL recommendation – 7.1a:
Companies can further discuss to align understanding on long connections also imply that there may be “periods of inactivity”, after which the UE reconnects to the cell. And further discuss on whether for such cases, UE can re-use a previously acquired GNSS fix

FL recommendation – 7.2a:
Companies can further align understanding on whether and how re-acquiring the NTN SIB with ephemeris and common TA parameters could improve GNSS operations, and whether there is need and gains for further potential enhancements for re-acquiring NTN SIB in addition to Rel-17.

FL recommendation- 7.3:
UL segmented transmission has been discussed in Rel-17. RAN1 are specifying UL segmented transmission in Rel-17. Enhancements to UL segmented transmissions are not in scope of Rel-18 IoT NTN WID. It can be de-prioritized in Rel-18. 
FL Recommendation – 7.4:
De-prioritize repetition continuation between two NTN cells as it is not in scope of Rel-18 IoT NTN WID

Companies are encouraged to further comments on FL recommendations
	Companies
	Comments

	Nokia, NSB
	Thanks for FL’s summary!
We think companies are also supportive for study of items related to long connection as all these items are not discussed in Rel17 and left to Rel18.
We do not think we need to de-prioritize any item that are related to long connection in first meeting of Rel18 as the items are not clear. 
[bookmark: OLE_LINK15]We suggest further study on these items. 7.1 considering the IDLE period when in long connection, 7.4 considering repetition continuation in the long connection covering cell change, 7.2 considering the co-work of valid ephemeris and valid GNSS in long connection and 7.3 considering the segment setting along with elevation angle changing in the long connection that is not discussed in Rel17 where segment is only considered for fixed elevation angle.


	Huawei, HiSilicon
	1. For FL recommendation – 7.1a, we think long connection should not include a case where there is period of IDLE. However, we are fine for companies to further clarify their understanding.
2. For FL recommendation – 7.2a, we support to further discuss it.
3. We are fine with FL recommendation – 7.3.
4. We are fine with recommendation – 7.4.

	ZTE
	We think potential issues in supporting long connection should be studied, especially issue 7.2, i.e., how to re-acquire assistance information in long connection. It’s too early to de-prioritize these issues at the first meeting. We can first study the issues listed here to make them clear and then consider de-prioritization at later stage.

	Ericsson
	Support

	MediaTek
	Support 

	Samsung
	Support 



7.8 Summary of Second Round Discussion
Ericsson, MediaTek, Samsung supported FL recommendation of 7.1a, 7.2a, 7.3, 7.4.
Nokia mentioned don’t need to de-prioritize any item that are related to long connection in first meeting of Rel18 as the items are not clear and suggest further study all these items.
ZTE mentioned potential issues in supporting long connection should be studied, and it’s too early to de-prioritize these issues at the first meeting.

Given the views expressed during first round as summarized in the following table.
	Views
	Observations

	FL recommendation – 7.1a:
Companies can further discuss to align understanding on long connections also imply that there may be “periods of inactivity”, after which the UE reconnects to the cell. And further discuss on whether for such cases, UE can re-use a previously acquired GNSS fix
	Nokia, Huawei, HiSilicon, ZTE, Ericsson, MediaTek, Samsung supported FL recommendation of 7.1a 
Huawei, HiSilicon mentioned long connection should not include a case where there is period of IDLE.

Moderator View: Companies can further discuss to align understanding on whether there may be “periods of inactivity” during long connections. 

	FL recommendation – 7.2a:
Companies can further align understanding on whether and how re-acquiring the NTN SIB with ephemeris and common TA parameters could improve GNSS operations, and whether there is need and gains for further potential enhancements for re-acquiring NTN SIB in addition to Rel-17.

	Nokia, Huawei, HiSilicon, ZTE, Ericsson, MediaTek, Samsung supported FL recommendation of 7.2a 

Moderator View: Acquisition of assistance information for UL time/frequency synchronization in Connected was discussed in Rel-17 in RAN1 and RAN2 for short sporadic transmission. Companies can further align understanding on whether re-acquiring the NTN SIB could improve GNSS operations in Rel-18, and whether there is need and gains for further potential enhancements for re-acquiring NTN SIB in addition to Rel-17.

	FL recommendation- 7.3:
UL segmented transmission has been discussed in Rel-17. RAN1 are specifying UL segmented transmission in Rel-17. Enhancements to UL segmented transmissions are not in scope of Rel-18 IoT NTN WID. It can be de-prioritized in Rel-18. 
	Huawei, HiSilicon, Ericsson, MediaTek, Samsung supported FL recommendation of 7.3 can be de-prioritized in Rel-18. 
Nokia mentioned considering the segment setting along with elevation angle changing in the long connection that is not discussed in Rel17 where segment is only considered for fixed elevation angle. This needs to be further study. 
Moderator View: Proponents of further enhancements on the topic are encouraged to further discuss offline with companies to get more support. 

	FL Recommendation – 7.4:
De-prioritize repetition continuation between two NTN cells as it is not in scope of Rel-18 IoT NTN WID

	Huawei, HiSilicon, Ericsson, MediaTek, Samsung supported FL recommendation of 7.4 can be de-prioritized in Rel-18. 

Moderator View: Proponents of further enhancements on the topic are encouraged to further discuss offline with companies to get more support.



FL recommendation – 7.1a:
Companies can further discuss to align understanding on long connections also imply that there may be “periods of inactivity”, after which the UE reconnects to the cell. And further discuss on whether for such cases, UE can re-use a previously acquired GNSS fix

FL recommendation – 7.2a:
Companies can further align understanding on whether and how re-acquiring the NTN SIB with ephemeris and common TA parameters could improve GNSS operations, and whether there is need and gains for further potential enhancements for re-acquiring NTN SIB in addition to Rel-17.

FL recommendation- 7.3:
UL segmented transmission has been discussed in Rel-17. RAN1 are specifying UL segmented transmission in Rel-17. Enhancements to UL segmented transmissions are not in scope of Rel-18 IoT NTN WID. It can be de-prioritized in Rel-18. 
FL Recommendation – 7.4:
De-prioritize repetition continuation between two NTN cells as it is not in scope of Rel-18 IoT NTN WID

8 Proposals for GTW / Checking Point
8.1 Proposals for GTW

Third Round Proposal 1b:
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

Third Round Proposal 4b:
Closed loop time correction for IoT-NTN is considered to potentially reduce the need for UE to update GNSS position fix in long connection time 
· FFS On need and potential gain for closed loop frequency correction for IoT-NTN.
Note: It is assumed that the RAN4 requirements for UE pre-compensation should still be met.

Third Round Proposal 2a:
At least the following options can be considered for further study 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 

8.2 Proposal for 2nd Checkpoint
Companies can comment directly on the RAN1 reflector

Proposal 3b - 2nd Checkpoint May 20:
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.

Proposal 6a - 2nd Checkpoint May 20:
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. 

9 Conclusion
The following conclusion and agreements were made in RAN1#109e

Conclusion
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
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 

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.

Agreement
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
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. 
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