3GPP TSG-RAN WG2 Meeting #121-bis-e	R2-2300263
[bookmark: _Hlk131704127]Online, April 17-26, 2023
Agenda Item:	7.6.2.2
Souce:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	Enhancements on GNSS operation
Document for:		Discussion and Agreement
Introduction
In RAN#98e [1], the revised WID on IoT NTN enhancements has been endorsed for Release 18. The work item aims to specify further enhancements for E-UTRA (LTE-RAN) based NTN (non-terrestrial networks).
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 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.
This contribution aims to discuss RAN2 aspects related to enhanced GNSS operations for IoT NTN.

2 Discussion
GNSS position fix time duration reporting

RAN2#121 has made the following agreement:
	For UE to report GNSS position fix time duration for measurement during the initial access, at least the following Msg5 message can be used: 
	RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  
	RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,
	FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete.
	FS for Msg3



UE is in RRC connected mode when sending RRCConnectionReestablishmentComplete(-NB) and RRCConnectionReconfigurationComplete. The network should be able to know UE’s capability as well as the reported GNSS position fix time duration. Hence it is not necessary to report the GNSS position fix time duration in RRCConnectionReestablishmentComplete(-NB) and RRCConnectionReconfigurationComplete

Proposal 1: UE does not report GNSS position fix duration in RRCConnectionReestablishmentComplete(-NB) and RRCConnectionReconfigurationComplete.

During the connection, the GNSS position fix time duration may vary due to the GNSS state changes (cold start, warm start, hot start, etc.). But the possibility of GNSS state change is very small, and the connection should not last for a long time, we think it is not necessary to report the GNSS position fix time duration in connected mode. 

Proposal 2: UE reporting GNSS position fix time duration in connected mode is not supported.

In Rel-17 the UE reports the remaining GNSS validity duration in Msg5. When the reported value is infinity, it implies two cases. The first case is the UE is able of performing the GNSS measurement during the DL/UL transmission. When the GNSS validity duration ends, UE can autonomously get a new GNSS position fix and it would not break the connection. Therefore, network can consider the GNSS validity duration of UE as infinity. The other case is that the UE is a stationary device, which is unlikely to move during the connection. There is no need to obtain a new GNSS position fix during the connection, hence network can consider the GNSS validity duration of the UE as infinity.
When it comes to Rel-18, in both cases mentioned above, the UE does not need to obtain a new GNSS position fix during the connection process, so there is no need to report the GNSS position fix time duration.

Proposal 3: UE does not report GNSS position fix time duration when the remaining GNSS validity duration is infinity.


Network aperiodically triggers UE to make GNSS measurement

RAN1#111 has made the following agreement:
	Agreement
· If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.



In the last RAN2 meeting, some companies suggest that MAC CE may have security issue. The MAC CE is not protected by the ciphering and integrity protection. However, the signaling using MAC CE is not transferring the user data, the damage is very limited. The existing signalings using MAC CE like Timing Advance Command can cause the same level of damage.

Proposal 4: A new DL MAC CE is used by the network to trigger UE to make GNSS measurement in connected mode.

UE re-acquires GNSS autonomously (when configured by the network)
RAN1#111 has made the following agreement:
	Agreement
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 



According to RAN1’s agreement, besides the network trigger, UE may re-acquire GNSS autonomously when configured by the network. The condition of triggering GNSS measurement can be expiry of GNSS validity duration. Dynamic configuration is not needed in this case. Hence the network configuration can be RRC signaling. The network configuration should at least include the time that the GNSS measurement can take.  A new RRC timer should be introduced to control the corresponding RRC behavior. The exact time of starting the new RRC timer can be further discussed.

Proposal 5: Network can configure UE to allow UE autonomously to re-acquire GNSS measurement via RRC signaling with a new RRC timer. When to start the new RRC timer can be further discussed.

Leaving connected mode

RAN2#121 has made the following agreement:
	FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement



UE should be able to stay in connected mode when current GNSS position becoming out-of-date. The close loop TA adjustment via Timing Advance Command MAC CE can maintain the TA, so that the UL transmission can last longer even when the GNSS position has become out-of-date and the GNSS measurement has not initiated. When the GNSS measurement is initiated, the UL and DL transmission should stop, and the continuity of the RRC connection depends on the successful completion of GNSS measurement.

Proposal 6: UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement

Then when the UE should leave RRC connected and move to RRC idle? In general, UE should move to RRC idle when failed to acquire new GNSS position fix and after GNSS validity duration expired. The exact UE behavior should depend on how the GNSS measurement is triggered. If the GNSS measurement is started by network aperiodcally trigger or UE autonomously acquisition, UE moves to RRC idle when UE failed to re-acquire GNSS position fix and after GNSS validity duration expired. If the both triggers are configured, if UE cannot re-acquire GNSS position fix during the gap and if UE cannot re-acquire GNSS position fix during the configured timing/timer while GNSS validity duration is expired, UE moves to RRC_IDLE.

Proposal 7: If the network only aperiodically triggers GNSS measurement, if UE cannot re-acquire GNSS position fix during the gap and after GNSS validity duration expired, UE moves to RRC_IDLE.
Proposal 8: If the network only configures the UE autonomously GNSS measurement, if UE cannot re-acquire GNSS position fix during the configured timing/timer and GNSS validity duration expired, UE moves to RRC_IDLE.
Proposal 9: If the network aperiodically triggers GNSS measurement and configures the UE autonomously GNSS measurement, if UE cannot re-acquire GNSS position fix during the gap and if UE cannot re-acquire GNSS position fix during the configured timing/timer while GNSS validity duration is expired, UE moves to RRC_IDLE.


GNSS validation duration report after GNSS measurement

RAN1#111 has made the following agreement:
	Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.



RAN2#121 has made the following agreement:
	3. The value range {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} introduced in R17 is reused for connected UE GNSS validation duration report, unless modified by RAN1.
4.	UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes. FFS if the duration is the remaining validity duration or the whole duration



According to RAN1 agreement, the GNSS validity duration after GNSS measurement can be via a new UL MAC CE. 

Proposal 10: A new UL MAC CE is used to report GNSS validity duration after GNSS measurement in connected mode.

If the new value of GNSS validity duration report after GNSS measurement is identical to the previously reported value, it can save power if the UE is allowed not to report the GNSS validity duration. Whether reports the new GNSS validity duration after GNSS measurement only if the validity duration changes relate to the UE behavior after GNSS measurement, such as whether the random access is always needed. Since the UE behavior after GNSS measurement is not crystal clear, now we can agree to allow UE not to report the GNSS validity duration if the validity duration has not changed.

Proposal 11: UE is allowed not to report GNSS validity duration after GNSS measurement when the validity duration has not changed. FFS for the exact condition.

After GNSS measurement, UE needs time for DL synchronization, and possibly SIB31 update. Therefore, the network cannot know the precise time when the UE get the GNSS position fix, and network cannot know when the GNSS validity duration starts. But the network can know the precise time of GNSS validity duration report, thus it is preferred that UE reports the remaining GNSS validity duration.

Proposal 12: The GNSS validity duration reported by UE is the remaining validity duration 

3 Conclusions
Proposal 1: UE does not report GNSS position fix duration in RRCConnectionReestablishmentComplete(-NB) and RRCConnectionReconfigurationComplete.

Proposal 2: UE reporting GNSS position fix time duration in connected mode is not supported.

Proposal 3: UE does not report GNSS position fix time duration when the remaining GNSS validity duration is infinity.

Proposal 4: A new DL MAC CE is used by the network to trigger UE to make GNSS measurement in connected mode.

Proposal 5: Network can configure UE to allow UE autonomously to re-acquire GNSS measurement via RRC signaling with a new RRC timer. When to start the new RRC timer can be further discussed.

Proposal 6: UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement

Proposal 7: If the network only aperiodically triggers GNSS measurement, if UE cannot re-acquire GNSS position fix during the gap and after GNSS validity duration expired, UE moves to RRC_IDLE.

Proposal 8: If the network only configures the UE autonomously GNSS measurement, if UE cannot re-acquire GNSS position fix during the configured timing/timer and GNSS validity duration expired, UE moves to RRC_IDLE.

Proposal 9: If the network aperiodically triggers GNSS measurement and configures the UE autonomously GNSS measurement, if UE cannot re-acquire GNSS position fix during the gap and if UE cannot re-acquire GNSS position fix during the configured timing/timer while GNSS validity duration is expired, UE moves to RRC_IDLE.

Proposal 10: A new UL MAC CE is used to report GNSS validity duration after GNSS measurement in connected mode.

Proposal 11: UE is allowed not to report GNSS validity duration after GNSS measurement when the validity duration has not changed. FFS for the exact condition.

Proposal 12: The GNSS validity duration reported by UE is the remaining validity duration.
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