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Introduction
After the WI of Rel18, there has been many issues solved with RAN1 consensus on the agreements. While still there are some open issue on discussion for GNSS enhancement. In this contribution we provide our view on them. 
Remaining issue on GNSS enhancement
[bookmark: _Hlk87092729]Measurement gap/timer end
At RAN1#113 the following was agreed [1]:
	Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.


At RAN#114 it was further agreed [2]:
	Agreement
The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent.
· CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration.
Note1: The CBRA (PRACH) can only be sent within the duration after UE reacquires GNSS successfully to the end of the gap.
Note2: Whether CBRA (PRACH) is sent is up to UE implementation.
Note3: no change to existing CBRA procedures
FFS: whether other RA procedure is needed.


The Random Access procedure in TS 36.321 defines the Random Access Response window, which also accounts for NTN propagation delays. Thus based on the RAN1 agreement for CBRA it is clear when the UE shall monitor the PDCCH for a response to the PRACH.
Observation 1: Based on the Random Access procedure accounting for NTN propagation delay it is clear when the UE shall monitor the PDCCH for a response to the PRACH.
As noted it is clear that the UE will monitor the PDCCH during relevant parts of the Random Access procedure. However, it is not clear whether the network can expect the UE to start monitoring the PDCCH and perform AS operations after starting the CBRA procedure if the GNSS measurement gap/timer has not ended. In our view, the UE should be schedulable, i.e. monitor PDCCH, when the UE starts the Random Access Response window for the CBRA procedure if the RAR window started before the end of the GNSS measurement gap/timer. This will allow the communication to continue as soon as possible after the UE has acquired the new GNSS position fix within the measurement gap/timer.
Proposal 1: The GNSS measurement gap / autonomous GNSS measurement timer ends when the UE starts the Random Access Response Window for a CBRA procedure if the RAR window started before the end of the original gap/timer. 
Timing Advance after successful GNSS measurement
An open question is how the UE performs uplink transmission after the successful GNSS measurement gap. The UE will have a valid GNSS position and therefore it can determine the UE specific component of the TA (N_TA,adj_UE), which is based on the UE location and the satellite ephemeris. However, it is unclear whether the UE shall reset the N_TA in the N_TA+N_TA,offset+N_TA,adj_common+N_TA,adj_UE definition in TS 36.211.
Observation 2: The value of N_TA is not clear after a UE has completed the GNSS measurement successfully. 
The N_TA is updated based on the UE receiving Timing Advance Commands from the network and this could e.g. occur if the UE is not compensating properly the N_TA,adj_UE based on the GNSS being incorrect, when approaching the end of the GNSS validity duration. For example, this may happen if the UE moves more or less than what was expected when reporting the GNSS validity duration. 
One option, with high signaling overhead, is to require the UE always performs the Random Access procedure to obtain a new N_TA. 
Observation 3: Performing the Random Access procedure after every GNSS measurement has high signalling overhead and latency.
Alternatively, RAN1 can discuss whether the UE can reuse the previous N_TA such that the UE can skip the Random Access procedure and instead start monitoring the control channel and potentially transmit Scheduling Request and the like. 
Observation 4: Reusing the N_TA, based on the previous GNSS position, can enable the UE to skip the Random Access procedure.
The previous N_TA may be applicable in scenarios where the UE mobility is limited i.e. the old and new GNSS location will be the same or at least very similar. Therefore the reuse of the previous N_TA could be conditioned on whether the new UE position is different from the previous UE position. If the difference between the new and old UE positions is small or ignorable, the accumulated TA from the eNB should be still reasonable, thus the UE could be allowed to reuse the N_TA and skip the Random Access procedure. This would significantly reduce signaling overhead and the delay. While if the difference between the new and old UE positions is large, the accumulated TA from eNB can not work together with the N_TA,adj_UE calculated based on new UE position as the TAC from the eNB is not to correct for TA calculated based on the new UE position but the old UE position. Then the accumulated TA can not be reused and the UE needs to perform Random Access with PRACH to achieve UL synchronization before any other other UL transmission, e.g. PUSCH.
Observation 5: For cases with different distance between old and new UE GNSS position, the reasonability of the accumulated TA is different and also UL sync status is different, requiring different UE behavior.
Proposal 2: After a successful GNSS measurement /autonomous GNSS measurement, if the difference between the new and old UE positions is small, UE can be allowed to reuse the previous N_TA and skip the random access procedure, otherwise UE should firstly perform the Random Access procedure for UL synchonization.
Based on above and section 2.1, the following TP is proposed:
TP#1 for 36.213 Clause 16.10
Reason for change: after NB-IoT UE reacquired new GNSS position within the GNSS measurement gap, if the distance between the new GNSS position and the old GNSS position is small enough, there is no need for a new CBRA before monitoring PDCCH for new UL or DL related scheduling, where current NTA value before GNSS measurement gap is used .
Summary of change: Separate conditions for NB-IoT UE to perform synchronization and monitoring PDCCH after NB-IoT UE reacquires a new GNSS position successfully within the GNSS measurement gap.  
Consequences if not approved: CBRA always needed even NB-IoT UE has not moved with large distance, and latency for CBRA always needed so that IoT operation is delayed by unnecessary CBRA and power is wasted. 
------------------------------ Start of Text proposal -------------------------------
For a NB-IoT UE in a NTN FDD serving cell, the UE is not required to monitor NPDCCH within the GNSS measurement gap duration, until 
· [bookmark: _Hlk163249893]it reacquires GNSS position if the distance between the old GNSS position and new GNSS position is not larger than position changing threshold, where current NTA value before GNSS measurement gap is used and no need for contention based Random Access, or
· it reacquires GNSS position and RAR window starts in a contention based Random Access, which is performed as specified in TS 36.321 [8], where NTA is reset as 0, if the distance between the old GNSS position and new GNSS position is larger than position changing threshold.
------------------------------ End of Text proposal -------------------------------
TP#2 for 36.213 Clause 18
Reason for change: after eMTC UE reacquired new GNSS position within the GNSS measurement gap, if the distance between the new GNSS position and the old GNSS position is small enough, there is no need for a new CBRA before monitoring PDCCH for new UL or DL related scheduling, where current NTA value before GNSS measurement gap is used .
Summary of change: Separate conditions for eMTC UE to perform synchronization and monitoring PDCCH after eMTC UE reacquires a new GNSS position successfully within the GNSS measurement gap.  
Consequences if not approved: CBRA always needed even eMTC UE has not moved with large distance, and latency for CBRA always needed so that IoT operation is delayed by unnecessary CBRA and power is wasted. 
------------------------------ Start of Text proposal -------------------------------
For a BL/CE UE in a NTN FDD serving cell, the UE is not required to monitor MPDCCH within the GNSS measurement gap duration, until 
· it reacquires GNSS position if the distance between the old GNSS position and new GNSS position is not larger than position changing threshold, where current NTA value before GNSS measurement gap is used and no need for contention based Random Access, or
· it reacquires GNSS position and RAR window starts in a contention based Random Access, which is performed as specified in TS 36.321 [8], where NTA is reset as 0, if the distance between the old GNSS position and new GNSS position is larger than position changing threshold.
------------------------------ End of Text proposal -------------------------------
Proposal 3: Adopt TP#1 and TP#2 to clarify the PDCCH monitoring within GNSS measurement gap.
Dependency between aperiodic measurement gap and autonomous measurements
The following agreement was reached in RAN1#111 [3] regarding GNSS position fix for IoT NTN:
	Agreement
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement
· FFS based on configured timing 


One aspect which needs further clarification is the dependency between the aperiodically triggered GNSS measurement gap and the UE autonomous GNSS measurement. In RAN1 discussion, the UE must always support the aperiodically triggered GNSS measurement gap if the UE supports GNSS measurement in Rel18 IoT NTN. UE shall perform the GNSS measurement in a gap if triggered by the eNB and only if the UE is not triggered it may perform the autonomous measurement. The use of the autonomous measurement can save signaling, but it is important to maintain the option of the eNB triggered gap if the eNB wants to trigger an "early” measurement (i.e. well in advance of the GNSS validity duration expiry), for example if the eNB has noticed UL unsynchronization issue because of UE unexpected moving. 
While if UE does not support aperiodic triggerred GNSS measurement and independently of whether the UE supports autonomous GNSS measurement or not, when the eNB detects there is contiguous time error even with TAC, the eNB has to release the UE to IDLE mode, which is not in line with the scope of long connections of IoT NTN UE in Rel18. If the UE only supports autonomous GNSS measurement it can not help when the eNB detects an UL sync issue before the GNSS validuration expires or before extension X expires. That is why the agreement uses “UE can” for aperiodically triggered GNSS measurement, which means UE should support aperiodic triggered GNSS measurement if UE supports Rel18 IoT NTN. While autonomous GNSS measurement is optional for a Rel18 IoT NTN UE as UE “may” do autonomous GNSS measurement.
Thus the autonomous GNSS procedure is dependent on the eNB aperiodic triggered GNSS measurement procedure.
Observation 6: If Rel18 IoT NTN UE does not support aperiodic triggerred GNSS measurement, when the eNB detects there is contiguous time error even with TAC, the eNB has to release the UE to IDLE mode, which is not in line with the scope of long connections of IoT NTN UE in Rel18.
[bookmark: OLE_LINK5]Proposal 4: If UE supports to re-acquire GNSS, the UE should monitor for the eNB’s GNSS measurement trigger during the original GNSS validity duration + duration X (if any) when configured by eNB.
The UE may re-acquire GNSS autonomously (when configured by the network) in the GNSS measurement timer, if
· the original GNSS validity duration expires,
· the duration X (if any) expires, and 
· UE has not received any GNSS measurement trigger during the original GNSS validity duration + duration X (if any).
[bookmark: _Hlk68691077]Conclusion
In this contribution, we discussed the remaining issues we have observed for GNSS enhancement for Rel18. Our observations and proposals can be summarized as follows.
Observation 1: Based on the Random Access procedure accounting for NTN propagation delay it is clear when the UE shall monitor the PDCCH for a response to the PRACH.
Observation 2:  The value of N_TA is not clear after a UE has completed the GNSS measurement successfully. 
Observation 3: Performing the Random Access procedure after every GNSS measurement has high signalling overhead and latency.
Observation 4: Reusing the N_TA, based on the previous GNSS position, can enable the UE to skip the Random Access procedure.
Observation 5: For cases with different distance between old and new UE GNSS position, the reasonability of the accumulated TA is different and also UL sync status is different, requiring different UE behavior.
Observation 6: If Rel18 IoT NTN UE does not support aperiodic triggerred GNSS measurement, when the eNB detects there is contiguous time error even with TAC, the eNB has to release the UE to IDLE mode, which is not in line with the scope of long connections of IoT NTN UE in Rel18.

Proposal 1: The GNSS measurement gap / autonomous GNSS measurement timer ends when the UE starts the Random Access Response Window for a CBRA procedure if the RAR window started before the end of the original gap/timer. 
Proposal 2: After a successful GNSS measurement /autonomous GNSS measurement, if the difference between the new and old UE positions is small, UE can be allowed to reuse the previous N_TA and skip the random access procedure, otherwise UE should firstly perform the Random Access procedure for UL synchonization.
Proposal 3: Adopt TP#1 and TP#2 to clarify the PDCCH monitoring within GNSS measurement gap.
Proposal 4: If UE supports to re-acquire GNSS, the UE should monitor for the eNB’s GNSS measurement trigger during the original GNSS validity duration + duration X (if any) when configured by eNB.
The UE may re-acquire GNSS autonomously (when configured by the network) in the GNSS measurement timer, if
· the original GNSS validity duration expires,
· the duration X (if any) expires, and 
· UE has not received any GNSS measurement trigger during the original GNSS validity duration + duration X (if any).
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