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In the past meetings, RAN2 has discussed the GNSS operation enhancement for R18 IOT NTN and achieved lots of agreements. In this contribution, we will continue to discuss the remaining issues for this topic.
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[bookmark: _Hlk145518847]GNSS position fix time duration reporting
In RAN2#123 meeting [1], RAN2 has agreed that “RAN2 will wait for more input of RAN1 for the detailed format of UL MAC CE for GNSS validity duration reporting”. However, the design of LCID for identifying the new UL MAC CE is in the scope of RAN2, which can be discussed. As there is only one reserved LCID left for uplink, we should use it carefully as it is precious. However, in R17 IOT NTN, RAN2 has huge discussion on whether to use the reserved LCID or repurpose an existing LCID for TAR MAC CE as there are only two reserved LCIDs left for uplink at that time. The final conclusion is to use the reserved LCID. In order to repeat discussion in R17, even though there is only a reserved LCID left in uplink, it is still proposed to use the reserved LCID for the new UL MAC CE, which is simple and easy to implement in standards. 
Proposal 1: Use a reserved LCID for the MAC CE for GNSS position fix time duration reporting.
In the RAN2#112 meeting, RAN2 discussed the reporting of GNSS position fix time duration on the top of initial access message, and left the following FFS as there was a proposal that the GNSS position fix time duration can be reported via UEInformationRespones message upon network request by UEInformationRequest message.
RAN2#112 Agreement [2]
1. GNSS fix time duration should be reported in 1) and 2):
	1) RRCConnectionReestablishmentComplete and RRCConnectionReestablishmentComplete-NB 
	2) RRCConnectionReconfigurationComplete for HO case 
	(FFS whether there are some scenarios where this is not needed or whether there has to be some explicit NW indication to do so)

In the RAN1#114 meeting, RAN1 achieved the following agreement. It is stated that only the reporting of GNSS position fix time duration via RRC reestablishment procedure and HO case is needed for connected UE. Following the latest RAN1 agreement, there is no need for RAN2 to further discuss the left FFS.
	RAN1#114 Agreement [3]
From RAN1 perspective, during connected mode, reporting of GNSS position fix time duration is not needed except via RRCConnectionReestablishmentComplete, RRCConnectionReestablishmentComplete-NB and RRCConnectionReconfigurationComplete for HO case.



Observation 1: Based on RAN1 agreement, during connected mode, the reporting of GNSS position fix time duration is not needed except for RRC reestablishment and HO cases.
NW triggered GNSS measurement
GNSS measurement gap
In the RAN1#114 meeting, RAN1 achieved the following agreement. There was a note which needs RAN2 to further discuss.
	RAN1#114 Agreement [3]
Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE



The first issue which needs RAN2 to discuss is whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer. Based on RAN1 conclusion, the GNSS measurement gap and GNSS measurement timer are used for NW triggered GNSS measurement and UE autonomous GNSS measurement respectively, which are different GNSS measurement schemes. In order to keep the independence of two schemes, separate configurations should be pursued. In the next, the configuration of measurement gap and GNSS measurement timer will be discussed, separately.
The second issue which needs RAN2 to discuss is whether the configuration is by RRC or MAC CE. For RRC case, NW firstly enables the function of NW triggered GNSS measurement by RRC and then active the NW triggered GNSS measurement by the DL MAC CE when NW considers the GNSS measurement is needed, which is called two-step solution. For MAC CE case, there is no need for NW to provide the related configuration in advance. NW only needs to provide DL MAC to trigger UE to perform GNSS measurement when NW considers the GNSS measurement is needed, which is called one-step solution. Obviously, two methods are both feasible. However, compared with RRC, MAC CE has more flexibility to adjust the GNSS measurement gap. Moreover, the method of MAC CE (i.e., one-step solution) can avoid unnecessary configuration in advance, especially under the case that NW does not know whether UE has requirement of keeping in long connected state when NW enables the function of NW triggered GNSS measurement by RRC. Based on the above analyses, it is preferable for us to configure the length for GNSS measurement gap via MAC CE.
Proposal 2: Network configures the length for GNSS measurement gap via MAC CE.
In the last RAN2 meeting, RAN2 agreed that “RAN2 will wait for more input of RAN1 for the detailed format of DL MAC CE for GNSS measurement wait for more input from RAN1”. As RAN1 has let RAN2 discuss whether the length for GNSS measurement gap can be configured via MAC CE or not, then RAN2 has enough info to design the format of the newly introduced DL MAC C for GNSS measurement if P2 is agreed.
According to RAN1 agreement, the length for GNSS measurement gap is configured via a 4-bit field. Therefore, the new DL MAC CE should consist of one field with length 4 bits for configuring the length of GNSS measurement gap. Based on the RAN1#112bis agreement below, the duration for GNSS measurement gap may not be included in the configuration by eNB. If this case is pursued, the DL MAC CE for GNSS measurement shall be a variable-sized MAC CE in bytes. Then, the F field and L field shall be included in the MAC subheader. However, compared with the fixed size MAC CE (i.e., the duration for GNSS measurement gap is always included in the MAC CE), there is no overhead reduction of MAC subPDU which carries the DL MAC CE. In order to simplify the handling of DL MAC CE at UE side, it is proposed to design a DL MAC CE with fixed size of a single octet.
	RAN2#123 Agreement [1]
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.
· The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.



Proposal 3: The DL MAC CE for GNSS measurement has a fixed size of a single octet, which consist of only one field with length 4 bits for configuring the length of GNSS measurement gap.
For the DL MAC CE, a specific LCID shall be used to identify it. Considering there are only 3 reserved LCIDs left for downlink. Same reason for the new UL MAC CE as mentioned in section 2.1, it is proposed to use the reserved LCID
Proposal 4: Use a reserved LCID for the DL MAC CE for GNSS measurement.
UE behaviour during GNSS measurement gap
According to the RAN1#112bis agreement, the GNSS measurement gap can be larger than the latest UE-reported GNSS position fix duration. 
	RAN1#112 Agreement
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.



There may be a case that UE unsuccessfully completes the GNSS measurement during the GNSS position fix duration. Under this case, what’s the UE behaviour in the left time of the GNSS measurement gap. 
To solve this issue, we should firstly clarify what the exact definition for GNSS measurement failure. According to the RAN1 agreement in RAN1#114 below, it will be deemed as GNSS measurement failure if UE fails to re-acquire GNSS position fix within GNSS measurement gap. Hence, if UE unsuccessfully completes the GNSS measurement during the GNSS position fix duration, GNSS measurement failure hasn’t happened yet. From the UE perspective, UE can try another attempt for GNSS measurement until the end of the GNSS measurement gap, which is left to UE implementation and does not need additional standard work.
	[bookmark: _Hlk145597386]RAN1#114 Agreement [3]
From RAN1 perspective, for the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the failure of GNSS measurement:
· Alt-1: UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap.



Proposal 5: If UE fails to complete the GNSS measurement during the GNSS position fix duration, UE can re-acquire GNSS position in the left time of the GNSS measurement gap. No spec impacts.
There may be a case that UE successfully completes the GNSS measurement before the end of the GNSS measurement gap. Under this case, what’s the UE behaviour in the left time of the GNSS measurement gap. For this issue, RAN1 has achieved the following agreement in the RAN1#114 meeting.
	RAN1#114 Agreement [3]
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.



From RAN2 perspective, there is a need to capture a note in 36.321 that “It is up to UE implementation to initiate the CBRA procedure within the duration after UE reacquires GNSS successfully to the end of the gap to request UL resource to report the remaining GNSS validity duration”.
Proposal 6: Capture a note in 36.321 that “It is up to UE implementation to initiate the CBRA procedure within the duration after UE reacquires GNSS successfully to the end of the gap to request UL resource to report the remaining GNSS validity duration”.
UE autonomous GNSS measurement
Configuration of UE autonomous GNSS measurement
In RAN2#123 meeting, RAN2 agreed that “UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling. In the endorsed Running CR [5], only an enabling indication of autonomous GNSS measurement is captured. However, there are some other parameters discussed and agreed in RAN1 based on the following agreements.
	RAN1#113 Agreement [4]
For NB-IoT and eMTC, at least for the case where the network configuration does not include a periodicity (if supported), for autonomous GNSS re-acquisition, the UE may re-acquire GNSS autonomously during GNSS measurement timer, the start time of the autonomous GNSS measurement timer is based on the original GNSS validity duration.
· FFS: additional delay and details of delay (if any), e.g. delay can be zero or can be equal to/larger than the duration X where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
· Note1: Autonomous GNSS re-acquisition mechanism is enabled or disabled by network.
· Note2: The length of GNSS measurement timer can be configured by network and the length of GNSS measurement timer is equal to the latest reported GNSS position fix time duration for measurement when the length of GNSS measurement timer is not configured
· Note3: The autonomous GNSS re-acquisition can be periodic in certain conditions without further spec impact

RAN1#114 Agreement [3]
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.
Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.

RAN1#114 Agreement [3]
Network can configure the length for GNSS measurement timer via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.
· FFS: other component values
· Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer



It can be found that periodicity, duration X and the length of GNSS measurement timer can be used for UE autonomous GNSS measurement, and all of them can be provided via RRC signalling.
Proposal 7: Network configures the length for GNSS measurement timer, periodicity, duration X for UE autonomous GNSS measurement via RRC signalling.
UE behaviour during GNSS measurement timer
In the RAN1#114 meeting, RAN1 achieved the following agreements for the GNSS measurement timer.
	[bookmark: _Hlk145603134]RAN1#114 Agreement [3]
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.
Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.

RAN1#114 Agreement [3]
From RAN1 perspective, after autonomous GNSS measurement timer expires if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement timer UE goes to IDLE mode



It should be clarified that there is no concept of autonomous gap for autonomous GNSS measurement based on RAN1 agreements above. It is proposed to change “autonomous gap” in the endorsed NTN running CR 36.331 [5] into the “GNSS measurement timer”
Proposal 8: Change the “autonomous gap” in the endorsed NTN running CR 36.331 into the “GNSS measurement timer”.
If UE successfully completed GNSS measurement, UE shall stop the GNSS measurement timer. Otherwise, UE will treat GNSS measurement failure after autonomous GNSS measurement timer expires.
Proposal 9: UE shall stop GNSS measurement timer upon the completion of GNSS position fix.
Autonomous GNSS measurement during the inactive time of C-DRX
In the last RAN2 meeting, RAN2 also discussed the UE autonomous GNSS measurement during the inactive time of C-DRX and left an FFS.
RAN2#123 Agreement [1]
1. If UE failed to autonomously re-acquire the GNSS position fix and the GNSS position is still valid during the inactive state of C-DRX, UE does not move to RRC_IDLE. There is no specification impact. FFS if we still allow the UE not to move to Idle in case GNSS position is outdated

Based on RAN1 agreement, UE goes to IDLE mode if UE fails to re-acquire GNSS position fix within the autonomous GNSS measurement timer or if UE fails to re-acquire GNSS position fix within GNSS measurement gap. Based on this, we prefer a unified solution to handle GNSS measurement failure under all of the use cases. Then, there is no need for UE to stay in connected state in case GNSS position is outdated.
Proposal 10: If UE fails to autonomously re-acquire the GNSS position fix and the GNSS position is outdated during the inactive state of C-DRX, UE moves to RRC_IDLE.
GNSS validity duration reporting
In the last RAN2 meeting, RAN2 discussed whether UE can trigger SR for the reporting of the GNSS validity duration and achieved no agreement. Whether UE can trigger an SR or not can be discussed in two use cases. For the first case, UE finishes the GNSS measurement before the end of the GNSS measurement gap. For this use case, RAN1 has agreed that CBRA procedure can be used to request the UL resource for the reporting of the GNSS validity duration under the NW triggered GNSS measurement case. Then, there is no need to trigger SR for NW triggered GNSS measurement case. For UE autonomous GNSS measurement, RAN1 does not achieve such agreement, which can be considered as there is no requirement to report GNSS validity duration in time. Then, there is no need to trigger SR for autonomous GNSS measurement case.
For the second case, UE finishes the GNSS measurement when the GNSS measurement gap is ended. For this use case, it can up to NW implementation to schedule PUSCH resource for the reporting of the GNSS validity duration as NW always has idea when UE will finish the GNSS measurement. Based on the above analysis, there is also no need for UE to trigger SR. 
Proposal 11: UE would not trigger an SR for UL MAC CE of remaining GNSS validity duration.
Another issue is when to cancel the triggered GNSS validity duration reports. Same as the other UL MAC CEs, UE shall cancel the triggered GNSS validity duration reports when a MAC PDU is transmitted and this PDU includes a MAC CE for GNSS validity duration Report. 
Proposal 12: The triggered GNSS validity duration reports shall be canceled when a MAC PDU is transmitted and this PDU includes a MAC CE for GNSS validity duration Report.
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In the last RAN2 meeting, RAN2 achieved the following agreement for the handling of T318.
1. T318 is restarted after GNSS position fix 

There may exist a use case that the timer T317 expires during the GNSS measurement gap or GNSS measurement timer. Following the existing mechanism, UE will start the timer T318. As the acquisition of SIB31 should be postponed until GNSS measurement is completed, the timer T318 also should be postponed to start after GNSS position fix.
Proposal 13: The timer T318 is started after GNSS position fix if the T317 expires during the GNSS measurement gap/timer.
Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we discussed the GNSS operation enhancement for R18 IOT NTN. This discussion includes the following observations and proposals.
Observation 1: Based on RAN1 agreement, during connected mode, the reporting of GNSS position fix time duration is not needed except for RRC reestablishment and HO cases.

Proposal 1: Use a reserved LCID for the MAC CE for GNSS position fix time duration reporting.
Proposal 2: Network configures the length for GNSS measurement gap via MAC CE.
Proposal 3: The DL MAC CE for GNSS measurement has a fixed size of a single octet, which consist of only one field with length 4 bits for configuring the length of GNSS measurement gap.
Proposal 4: Use a reserved LCID for the DL MAC CE for GNSS measurement.
Proposal 5: If UE fails to complete the GNSS measurement during the GNSS position fix duration, UE can re-acquire GNSS position in the left time of the GNSS measurement gap. No spec impacts.
Proposal 6: Capture a note in 36.321 that “It is up to UE implementation to initiate the CBRA procedure within the duration after UE reacquires GNSS successfully to the end of the gap to request UL resource to report the remaining GNSS validity duration”. 
Proposal 7: Network configures the length for GNSS measurement timer, periodicity, duration X for UE autonomous GNSS measurement via RRC signalling.
Proposal 8: Change the “autonomous gap” in the endorsed NTN running CR 36.331 into the “GNSS measurement timer”.
Proposal 9: UE shall stop GNSS measurement timer upon the completion of GNSS position fix.
Proposal 10: If UE fails to autonomously re-acquire the GNSS position fix and the GNSS position is outdated during the inactive state of C-DRX, UE moves to RRC_IDLE.
Proposal 11: UE would not trigger an SR for UL MAC CE of remaining GNSS validity duration.
Proposal 12: The triggered GNSS validity duration reports shall be canceled when a MAC PDU is transmitted and this PDU includes a MAC CE for GNSS validity duration Report.
Proposal 13: The timer T318 is started after GNSS position fix if the T317 expires during the GNSS measurement gap/timer.
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