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Introduction
In RAN#94/e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify 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, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



In this contribution we discuss issues related to IoT NTN performance enhancements on specifying improved GNSS operations in RRC connected. 
GNSS measurement enhancements
Open issue list
The open issue list is the following. In this contribution we address a few of them. 
36.321 (MAC) CR
GNSS operation enhancements
· Whether and on which condition GNSS validity duration report MAC CE will trigger RACH
· Exact priority of remaining GNSS measurement validity duration report MAC CE
· Format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement
· Use of DL LCID for GNSS Measurement Command and UL LCID for GNSS Validity Duration
· Configuring GNSS timers using X and Y introduced by RAN1
· UE behavior corresponding to (i) GNSS measurement start (ii) UL transmission allowed or not after the current GNSS validity duration expiry (iii) SR / RACH trigger upon GNSS measurement complete.

36.331 (RRC) CR
GNSS operation enhancements
· Condition for entering RRC Idle (i.e., GNSS invalid, considering duration X and Y) 
· How to determine gap length and which spec (PHY/MAC/RRC) to capture
· The start of autonomous gap, e.g., “after X expires on top of GNSS validity duration expiry” or X is included within the GNSS validity duration
· Whether the reference to 5.5.x in RRC running CR needs to be removed

On GNSS measurement procedures
In the last meeting, the following was agreed: 
Agreements:
1. An UL MAC CE for GNSS validity duration reporting is used for NB-IoT user plane solution and eMTC UE as well and A new DL MAC CE is introduced to trigger connected UE to perform GNSS measurement.
2. RAN2 will wait for more input foRAN1 for the detailed format of UL MAC CE for GNSS validity duration reporting and DL MAC CE for GNSS measurement wait for more input from RAN1.
3. T318 is restarted after GNSS position fix 
4. Capture the following NOTE in Stage 2 (can further fix the wording):
	NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap.
	FFS whether we need to state something about AS resumption
5. UE assumes the GNSS location is valid upon successful GNSS measurement
6. Network enables the reporting of GNSS position fix duration, in SIB2 and in dedicated signalling for the HO case
7. UE autonomously trigger GNSS measurement can be configured via RRC dedicated signalling
8. UE can autonomously start GNSS measurement during the inactive state of C-DRX.
9. The exact time of starting GNSS measurement during the inactive state of C-DRX can be left for UE implementation.

Agreements:
1. The priority of GNSS validity duration MAC CE is higher than BSR. The exact priority can be further checked during MAC running CR review.
2. RRC layer needs to send indication to trigger MAC to report the remaining GNSS measurement validity duration. 
3. RRC layer sends such indication to MAC layer upon RRC layer receives indication that GNSS becomes valid.
4. MAC layer should guarantee the reported remaining GNSS measurement validity duration is the latest value.
5. 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
6. If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.

Whether and on which condition GNSS validity duration report MAC CE will trigger RACH
RAN1 has made the following related agreements: 
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 indicate success via to report the remaining GNSS validity duration reporting.
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.

As we know, the UE procedures are such that if data is in the buffer, the UE will first attempt to trigger Scheduling Request. If the scheduling request fails, or if there are no SR resources, then random access will be triggered. 
The question of triggering random access is also tied in with whether the GNSS validity duration MAC CE triggers a scheduling request or not. We think that the spirit of the RAN1 agreement can be implemented with the following: 
· GNSS validity duration MAC CE can trigger a scheduling request, 
· The scheduling request resources are not considered configured during the GNSS measurement gap
With this, random access is triggered during the GNSS measurement gap, and only during the measurement gap (if scheduling request is configured). This avoids complicated procedures that would result from implementing RAN’s agreement. 
Proposal 1: GNSS validity duration MAC CE can trigger a scheduling request and PUCCH resources for SR are not considered valid during the GNSS measurement gap. 

Exact priority of remaining GNSS measurement validity duration report MAC CE
As for the priority of the GNSS Validity Duration Report MAC CE, in [running MAC CR] it is in-between Timing Advance Report and BSR. We believe that this priority is sufficient for the MAC CE. 
Proposal 2: GNSS validity duration report MAC CE priority is in-between TAR MAC CE and BSR MAC CE – like in current running CR. 

Use of DL LCID for GNSS Measurement Command and UL LCID for GNSS Validity Duration
For DL LCID, there are reserved MAC CEs still remaining, so we believe that DL LCID can be used. For UL LCID, the last reserved value was used in Rel-17, so we do not see any other choice but to use the eLCID. 
Proposal 3: DL LCID is used for GNSS measurement command MAC CE and UL eLCID is used for GNSS validity duration report MAC CE. 

How to determine gap length and which spec (PHY/MAC/RRC) to capture
When the GNSS measurement is triggered by the network through the GNSS Measurement Command MAC CE, the UE will have a certain time to perform a GNSS measurement, in RAN1 referred to as the GNSS measurement gap. This GNSS measurement gap should be configurable by the network, and the most suitable option for this case is to configure the gap length in the GNSS measurement command MAC CE. This allows for more flexible configuration of the duration compared to RRC configuration. 
Proposal 4: For GNSS measurement triggered by GNSS measurement command MAC CE, the GNSS measurement time is configured by a field in the GNSS measurement command MAC CE. 
As for the time for a UE to perform a GNSS measurement when autonomously triggered, this shall be configured by the network through RRC. We see no need for any optimizations here.  
Proposal 5: For GNSS measurement triggered by autonomous GNSS field, the GNSS measurement time is configured by a field in RRC. 
The duration of the GNSS measurement gap was agreed in RAN1#114: 
Agreement
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

RAN1 also mentioned that RAN2 can discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, but from a RAN2 perspective, there would not be any reason to have two separate timers. Together, we propose: 
Proposal 6: The GNSS measurement duration is configurable by a 4-bit field with values 1, 2, 3, 4, 5, 6, 7, 13, 19, 25, 31 seconds, as decided by RAN1. And there is only a single GNSS measurement duration.

X and Y
Condition for entering RRC Idle (i.e., GNSS invalid, considering duration X and Y)
UE behavior corresponding to (i) GNSS measurement start (ii) UL transmission allowed or not after the current GNSS validity duration expiry (iii) SR / RACH trigger upon GNSS measurement complete.
The start of autonomous gap, e.g., “after X expires on top of GNSS validity duration expiry” or X is included within the GNSS validity duration
In RAN1#114, the following was agreed: 
Agreement
From RAN1 perspective, down select one for the duration X:
· Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer;
when timeAlignmentTimer is infinity, X is equal to Y;
· FFS: whether X can be used to extend the original GNSS validity duration 
· Y is a configured value.
Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.

There are two aspects to this, the configurable aspects and the procedural aspects. 
First of all, the duration X should not extend the GNSS validity duration. The reason why is because the GNSS validity duration is not only used in order to decide when UE moves to RRC idle, but also used as a condition to allow UE to move start an RRC connection with a network. Thus a UE should not use this extension period to attempt to connected to a new eNB after for instance being released to RRC idle. And this also makes sense as the period is a time when the eNB can perform closed-loop correction, so the GNSS should never be counted as “still valid”. So duration X should only extend the time before UE goes to RRC idle
Proposal 7: Duration X (or Y) does not extend GNSS validity duration, but only extends the duration before UE goes to RRC idle.
For the procedural aspects, the current RRC running CR is as follows [3]: 
----------- 36.331 Running CR R2-2309286 -----------
[bookmark: _Toc131097861]5.3.3.21	UE actions upon indication of out-of-date GNSS position
Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:
1>	if the UE does not support performing GNSS fix in GNSS measurement gap:
12>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.;
1>	else if no indication of network triggered GNSS measurement is received from lower layers, and gnss-AutonomousEnabled is not configured:
2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
Editor’s Note: Agreement:	UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry
Editor’s Note: Agreement:	If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.
----------- 36.331 Running CR R2-2309286 -----------
The current text has issues since UE will not go to RRC idle if there has ever been a network-triggered GNSS measurement, nor if gnss-AutonomousEnabled has been configured. The condition to not move to RRC_IDLE have the following conditions: 
· No GNSS measurement is on-going, i.e no GNSS measurement gap configured currently
· Duration X is not on-going
It thus appears that duration X needs to be a specific timer. 
Proposal 8: Duration X is modelled by a timer T3YY, where when timer is running the UE does not go to RRC idle, and upon expiry UE goes to RRC idle.
With all this in mind, an example of the full implementation can be seen in appendix A1.  
[bookmark: _GoBack]Proposal 8: Take the text proposal in Appendix A1 as a baseline for X and Y.

Re-connecting after GNSS failure
Failure to perform a GNSS measurement in RRC_CONNECTED may occur as a result of the GNSS measurement gap being set to low, or minor obstructions to the GNSS satellite or etc. If a UE is configured to perform a GNSS measurement, either network-triggered or autonomously, the UE has already been connected for a while and will likely need to stay in RRC_CONNECTED. Thus if a failure occurs, the UE should re-connect to the eNB. This action can be configurable for UEs that are expected to stay for a longer duration in RRC connected mode. 
Proposal 9: A UE that fails a GNSS measurement and subsequently moves to RRC_IDLE, shall re-connect to the eNB after having performed the GNSS measurement.

Conclusion
In this contribution we discussed issues related to GNSS operation enhancements. 

Proposal 1: For GNSS validity duration MAC CE can trigger a scheduling request and PUCCH resources for SR are not considered valid during the GNSS measurement gap. 
Proposal 2: GNSS meas validity duration report MAC CE priority is in-between TAR MAC CE and BSR MAC CE – like in current running CR. 
Proposal 3: DL LCID is used for GNSS measurement command MAC CE and UL eLCID is used for GNSS validity duration report MAC CE. 
Proposal 4: For GNSS measurement triggered by GNSS measurement command MAC CE, the GNSS measurement time is configured by a field in the GNSS measurement command MAC CE. 
Proposal 5: For GNSS measurement triggered by autonomous GNSS field, the GNSS measurement time is configured by a field in RRC. 
Proposal 6: The GNSS measurement duration is configurable by a 4-bit field with values 1, 2, 3, 4, 5, 6, 7, 13, 19, 25, 31 seconds, as decided by RAN1. And there is only a single GNSS measurement duration.
Proposal 7: Duration X (or Y) does not extend GNSS validity duration, but only extends the duration before UE goes to RRC idle.
Proposal 8: Take the 36.331 example as a baseline for X and Y.
Proposal 9: A UE that fails a GNSS measurement and subsequently moves to RRC_IDLE, shall re-connect to the eNB after having performed the GNSS measurement.
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Appendix


A1
----------- 36.331 example based on Running CR R2-2309286 -----------
5.3.3.21	UE actions upon indication of out-of-date GNSS position
Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:
1> if closedLoopExtension is configured:
2> start timer T3YY with the duration closedLoopExtension;
1>	if the UE does not support performing GNSS fix in GNSS measurement gap:
12>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.;
1>	else if GNSS measurement gap is not on-going due to network-triggered GNSS measurement or due to autonomous GNSS measurement, and T3YY is not on-going:
2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
Editor’s Note: Agreement:	UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry
Editor’s Note: Agreement:	If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.
. . .
5.3.3.xx	T3YY expiry
Upon T3YY expiry, the UE shall: 
1> if the UE does not have valid GNSS position:

