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[bookmark: _Ref178064866]Introduction
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.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829][bookmark: _Hlk145518847]Discussion
UE autonomous GNSS measurement
Modelling of UE autonomous GNSS measurement
In RAN2#123bis meeting [1], RAN2 achieved the following agreement on the configuration of GNSS measurement length. 
1. For both network-triggered and UE-autonomous Measurement Gap Length Configuration: Use MAC CE (with 1 bit indication to differentiate the two cases) (FFS if a RRC configuration is needed for NW trigger case)
In RAN2#123 meeting, RAN2 also agreed that for UE autonomous GNSS measurement RRC will configure the corresponding function. The remaining issue is that when UE will active the function of UE autonomous GNSS measurement. There are two kinds of modelling as below.
Modelling 1: RRC enables the function of UE autonomous GNSS measurement, MAC CE is used to provide the GNSS measurement length and activate the function of UE autonomous GNSS measurement at the same time;
Modelling 2: RRC enables the function of UE autonomous GNSS measurement and activates it at the same time, the GNSS measurement length is equal to the latest reported GNSS position fix time duration for measurement before MAC CE is received. MAC CE can be used later to adjust the GNSS measurement length.
For Modelling 1, NW shall always provide the MAC CE to indicate the GNSS measurement length if RRC configures the UE autonomous GNSS measurement. Moreover, NW shall guarantee that MAC CE is provided before UE autonomous GNSS measurement is performed at UE side. RAN2 has agreed that UE autonomous GNSS measurement can be performed in inactive time of DRX based on UE implementation. Under this use case, NW may have no idea of the exact time that UE performs UE autonomous GNSS measurement, which may cause NW cannot provide MAC CE in time.
For Modelling 2, compared with Modelling 1, it gives more flexibility for NW implementation, e.g., NW can choose to transmit MAC CE or not. Moreover, the Modelling 2 is more aligned with RAN1 agreement made in RAN1#113 that “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”.
Based on the analyses above, the modelling 2 is preferable to us.
[bookmark: OLE_LINK2]Proposal 1: When UE autonomous GNSS measurement is configured by RRC, UE actives the corresponding function and sets the GNSS measurement length equal to the latest reported GNSS position fix time duration before GNSS measurement command MAC CE is received.
Another modelling issue is whether UE autonomous GNSS measurement is based on a timer or gap. From RAN1 perspective, there is no concept of autonomous gap for autonomous GNSS measurement. From RAN2 perspective, the motivation for using a gap is to avoid introducing additional discussion on how the start/stop/expiry conditions are concluded. However, RAN1 has made great effort in these aspects, which can be directly reused by RAN2.
	[bookmark: _Hlk145601702]RAN1#114 Agreement [2]
[bookmark: _Hlk145603134]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.

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 is proposed to change “autonomous gap” in the endorsed NTN running CR 36.331 [5] into the “GNSS measurement timer”
Proposal 2: Change the “autonomous gap” in the endorsed NTN running CR 36.331 into the “GNSS measurement timer”.
Based on the above RAN1 agreements, RAN1 has not agreed when to stop the GNSS measurement timer. However, it is obvious that if UE successfully completes GNSS measurement, UE shall stop the GNSS measurement timer. Otherwise, UE will treat GNSS measurement failure after autonomous GNSS measurement timer expires.
Proposal 3: 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 [3]
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 4: 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.
NW triggered GNSS measurement
In RAN2#123bis meeting [1], there was an FFS left. 
1. For both network-triggered and UE-autonomous Measurement Gap Length Configuration: Use MAC CE (with 1 bit indication to differentiate the two cases) (FFS if a RRC configuration is needed for NW trigger case)
On the on hand, RAN1 has agreed that MAC CE is used to trigger aperiodic GNSS measurement gap and RAN2 agreed this MAC CE is used to indicate the GNSS measurement length, the RRC signalling is not necessary from the functional integrity perspective. On the other hand, the method of only 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 analysis, RRC configuration is not needed for NW trigger GNSS measurement.
Proposal 5: RRC configuration is not needed for NW trigger GNSS measurement.
GNSS validity duration reporting
CBRA for reporting GNSS validity duration MAC CE
In the latest Running CR TS 38.321 endorsed in the RAN2#123 post email discussion, the procedure related to GNSS validity duration reporting is described blow:
	TS 36.321
For a NB-IoT UE, a BL UE or a UE in enhanced coverage in a non-terrestrial network, an indication may be sent by upper layer to report the remaining GNSS measurement validity duration.
If the GNSS validity duration reporting procedure has been triggered:

-	if the MAC entity has UL resources allocated for new transmission for this TTI, and;
-	if the allocated UL resources can accommodate the GNSS Validity Duration Report MAC control element plus its subheader, as a result of logical channel prioritization:
-	instruct the Multiplexing and Assembly procedure to generate the GNSS Validity Duration Report MAC control element as defined in clause 6.1.3.yy.
-	else:
-	initiate a Random Access procedure (see clause 5.1).


It can be found that initiation of random access procedure is mandatory if there is no enough UL grant to accommodate the GNSS validity duration MAC CE plus its subheader. However, based on RAN1 agreement in the RAN1#114 meeting below, it is up to UE implementation to initiate random access procedure. Moreover, UE is only allowed to sent CBRA within the duration after UE reacquires GNSS successfully to the end of the gap. From RAN2 perspective, it is more suitable 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”.
	RAN1#114 Agreement [2]
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.


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”.
Cancel for triggered GNSS validity duration MAC CE
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 7: The triggered GNSS validity duration report shall be cancelled when a MAC PDU is transmitted and this PDU includes a MAC CE for GNSS validity duration Report.
[bookmark: _Toc458688128][bookmark: _Toc458688133][bookmark: _Toc458700495][bookmark: _Toc458688134][bookmark: _Toc458700496][bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Collision between GNSS measurement and SIB31
In the RAN2#123 meeting [3], RAN2 achieved the following agreement for the handling of T318
1. T318 is restarted after GNSS position fix 
There may exist a uses 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 8: The timer T318 is postponed to start 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 remaining issues on GNSS operation enhancement for R18 IoT NTN. This discussion includes the following proposals.
Proposal 1: When UE autonomous GNSS measurement is configured by RRC, UE actives the corresponding function and sets the GNSS measurement length equal to the latest reported GNSS position fix time duration before GNSS measurement command MAC CE is received.
Proposal 2: Change the “autonomous gap” in the endorsed NTN running CR 36.331 into the “GNSS measurement timer”.
Proposal 3: UE shall stop GNSS measurement timer upon the completion of GNSS position fix.
Proposal 4: 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 5: RRC configuration is not needed for NW trigger GNSS measurement.
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: The triggered GNSS validity duration report shall be cancelled when a MAC PDU is transmitted and this PDU includes a MAC CE for GNSS validity duration Report.
Proposal 8: The timer T318 is postponed to start after GNSS position fix if the T317 expires during the GNSS measurement gap/timer.
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