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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
For GNSS measurement management during connection time, UE needs to provide and may update GNSS validity duration and GNSS fix time duration. Based on these two GNSS assistance information, gNB can trigger GNSS measurement by configuring GNSS measurement gap with proper gap length and at the proper time. Beside, UE may autonomously reacquire GNSS by using its inactive period.  

Following table summarized agreement made so far regarding the two GNSS assistance information report from UE to gNB at different occasions:
	
	GNSS validity duration
	GNSS position fix time duration

	Initial access
	Yes
Agreed in Rel17
	Yes 
Agreed in last RAN2 meeting, it will be reported in messages: RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  
RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,
 

	After GNSS measurement
	Yes
Agreed at RAN2#121 meeting
Further agreed at RAN2#121bits-e meeting, 
As work assumption the reported duration is the remaining validity duration . FFS UE reports every time or only if the validity duration changes. 
	FFS

	After handover or RRC re-establishment
	Yes 
Agreed in Rel-17
	FFS
RAN2#121 meeting: It was FFS whether to report it in  RRCreestablishmentComplete and RRCConnectionReconfigurationComplete.




Following more agreements made in RAN1 and RAN2, we share our view on open issues relevant to GNSS fix during RRC connection in this contribution. 
Discussion
GNSS Position Fix time duration report
Agreement made at RAN1#112

	· UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.



Based on above agreement made in RAN1 meeting and also checked the email discussion in RAN1, we understand that majority companies believe GNSS position fix time duration does not change during a long RRC connection time and hence UE only need to report once. 

Some companies worry that the GNSS position fix time duration may change when UE moves or when the circumstance changes during a RRC connection. If this is the case, UE would need to frequently report the updated GNSS position fix time to gNB, on the other hand, this information will not be used often since GNSS measurement will not be triggered many times during a RRC connection according to common understanding. Rather than keeping updating NW with the different GNSS fix time due to UE movement, it would be more efficient to report a conservative value. Consequently, there is no need to report again after GNSS measurement or after handover/re-establishment, once NW get the information during RRC connection setup or resume.


Proposal 1:  GNSS fix time duration report is not needed during RRC connection (i.e., it will be reported only during initial access ,not reported after GNSS measurement, handover or re-establishment)


GNSS validity duration report
GNSS validity duration report after RRC connection setup/resume, handover and re-establishment has been agreed in rel-17 and in spec. furthermore, it was agreed to report it after GNSS measurement during RRC-connected mode. But FFS whether the UE reports every time or only if the validity duration changes. 

	Agreement (RAN1 110bis-e):
In connected mode, UE may report GNSS validation duration with MAC CE.



	Agreement (RAN1 112):

The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement




Reported GNSS validity duration should be a static/conservative value and should be true once it is reported to gNB till the next GNSS measurement. In another word, the GNSS should be valid during the reported GNSS validity duration even if the UE starts to move and or UE’s circumstance changes. With this assumption, GNSS validity duration likely will be kept same after each GNSS measurement. 

One motivation to report every time is to make sure gNB know GNSS measurement has successfully complete, but an alternative way to inform eNB the success of GNSS measurement at UE side after GNSS measurement is the reception of any UL transmission, which could be triggered due to other data transmission. 

To avoid unnecessarily repetition of the same GNSS validity duration after each GNSS measurement, we prefer to report only when the duration changes

Proposal 2: UE reports the GNSS validity duration only if the (remaining) validity duration changes

RAN2#121bits-e meeting, we agreed as work assumption the reported duration is the remaining validity duration. 

Different from the initial GNSS validity duration report during initial access stage, GNSS validity duration report in connect mode will be report immediately after GNSS measurement done and it will not be delayed much and potentially have higher priority than other data from DRB. Based on this assumption, there would not be too much different between whole GNSS validity duration and remaining GNSS validity duration report in practice. 

Instead, we need to have a common understanding from when the report validity duration will be counted. This is important especially to enable comparison with the previous reported GNSS validity duration and then potentially skip the report if it does not change ( i.e., to implement P2). The GNSS measurement might be finished earlier than the end of configured GNSS measurement gap, this is the main argument of reporting remaining validity duration. If this is the case, a UL transmission (e.g., SR/PRACH triggered due to GNSS validity duration report or for other data transmission) will happen before the end of measurement gap. To cover both cases (finish measurement at the end or before the measurement gap) and also to compromise, we propose: 

Proposal 3: (if changes)UE report the GNSS validity duration counting from the end of measurement GAP or from the first UL transmission if earlier then the end of the measurement gap. 

GNSS measurement trigger and gap configuration
RAN1#112 agreements 

	· [bookmark: _Hlk130934697]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.

· On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
Alt 1: the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
FFS: details of X, e.g. predefined value or configured value
Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay



RAN1#112bis-e agreements:
	· 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.
· On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value, considering HARQ feedback for the MAC CE, etc



Even though we do not understand in which scenario the gNB is willing to configured the gap larger than the reported GNSS position fix time duration, but RAN1 seems work on the GNSS measurement gap configuration aspects including the length and the start point. RAN2 can wait to design the signaling. At the moment, RAN2 only discuss which signaling should be used

RAN1 agreed to use MAC CE to trigger GNSS measurement. RAN2 debated whether to use MAC or RRC and cannot concluded in last RAN2 meeting. In table below we analyze pros and cons of using different signaling (PDCCH, MAC CE and RRC) to trigger GNSS measurement from three aspects:
· Security concern: since the GNSS measurement gap can be quite long, and UE will suspend all transmission/reception during the gap, the security concern should not be ignored and SA3 should be consulted
· Inter-layer/node interaction: normally, a function should be limited to one protocol layer or entities, if not possible then the inter-layer/node interaction should be as less as possible. 
· GAP start time determination: it is important that UE and gNB have the same understanding where the gap starts since all the reception and transmission will be suspended. It depends on which signalling is used to trigger GNSS measurement, it may or may not be a good idea to tie the start time of the GNSS measurement gap to the reception time of the GNSS measurement trigger due to the process and (re)transmission delay

	
	Inter-layer interaction:
On GNSS validity duration information and measurement gap info
	Gap start time determination
	Security concern

	RRC signalling
()
	
GNSS validity duration will be initially report in RRC setup/resume complete message, but later on , it will be reported with MAC CE (if it is agreed), this may request MAC/DU forward the info to RRC/CU. Also this request RRC/CU to inform the aperiodically triggered GNSS measurement to MAC/DU to avoid scheduling during the gap
	
Due to the longer delay, the measurement gap start time should be clearly configured e.g., with SFN and slot number. But since it is RRC signalling, we assume the signalling overhead is acceptable 
	
No 
For scenarios other than NB-IoT CP solution

	MAC CE
()
	
GNSS validity duration will be initially report in RRC setup/resume complete message, this request RRC/CU forward the info to MAC/DU to trigger the first GNSS measurement. 
Then MAC will be updated with GNSS validity duration via MAC CE and trigger following up GNSS measurement accordingly. 
	
Considering the potential retransmission of GNSS measurement trigger MAC CE, it is not good to tie the measurement gap start time to the reception of the MAC CE. It is safter to configure clearly e.g. with SFN, slot number
	
Yes

	PDCCH
()



	
Same as for MAC CE
	
Measurement gap starts time can be the reception time of the PDCCH+k
	
Yes



Based on above analysis, PDCCH approach would be better than MAC CE, if security concern is not an issue, otherwise, RRC signaling can be used, but this will request more inter-layer interaction. we should first ask SA3 on the security issue and also can ask RAN1 whether PDCCH instead of MAC CE can be used if no security issue, considering PDCCH is easier for gap timing determination. 

Proposal 4:  RAN2 send LS to kindly ask SA3 for the potential security issue of using MAC CE triggering GNSS fix and kindly inform RAN1 the potential concern of using different signaling to trigger GNSS measurement.


Autonomous GNSS re-acquisition 
RAN1 send LS in [1] to inform RAN2 that UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX from RAN1 perspective and details are up to RAN2. we believe that the autonomous GNSS re-acquisition should not impact any other procedures e.g., the configured DL/UL transmissions during inactive state of Connected DRX should not be impacted. The only specification is to allow UE report the GNSS validity duration after it finish autonomous GNSS re-acquisition: 

Proposal 5:  UE always reports the GNSS validity duration after autonomous GNSS re-acquisition. Proposal 5bis: Autonomous GNSS re-acquisition has no further impact 
Summary
[bookmark: OLE_LINK3]In this contribution we discuss the remaining issue regarding GNSS assistance information and GNSS measurement trigger:

Proposal 1:  GNSS fix time duration report is not needed during RRC connection (i.e., it will be reported only during initial access ,not reported after GNSS measurement, handover or re-establishment)

Proposal 2: UE reports the GNSS validity duration only if the (remaining) validity duration changes

Proposal 3: (if changes)UE report the GNSS validity duration counting from the end of measurement GAP or from the first UL transmission if earlier then the end of the measurement gap. 

Proposal 4:  RAN2 send LS to kindly ask SA3 for the potential security issue of using MAC CE triggering GNSS fix and kindly inform RAN1 the potential concern of using different signaling to trigger GNSS measurement.

Proposal 5:  UE always reports the GNSS validity duration after autonomous GNSS re-acquisition. Proposal 5bis: Autonomous GNSS re-acquisition has no further impact 
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Appendix: agreements

RAN2#121 agreements: : 
	Agreements:
1.	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.
	FFS for Msg3
2.	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
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



RAN2#121bis-e agreements: 
	1.	There is no need for UE to provide GNSS position fix time duration in Msg3.
2.	RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS
3.	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
4.	For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap
5.	For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
6.	RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting
Working Assumption: 
1.	GNSS validity duration UE reported after GNSS measurement is the remaining validity duration




