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1	Introduction
In last meeting [1], RAN2 discussed the GNSS enhancements for IoT-NTN and achieved the following agreements.
	· 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
FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete. 
FFS RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,
FFS for Msg3
· FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement
· 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.
· 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


In this contribution, we will discuss the remaining issues on GNSS enhancement for IoT-NTN. 
2 Discussion
2.1 GNSS assistance information
In last meeting, RAN2 agreed that the UE reports GNSS position fix time duration for measurement during the initial access stage at least in RRCConnectionSetupComplete and RRCConnectionSetupComplete-NB, and FFS for other Msg5 or Msg3. In RAN1#112 meeting, RAN1 agreed that UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state. We think that the RRCConnectionResumeComplete and RRCConnectionResumeComplete-NB can be used to report the GNSS position fix time duration for measurement when the UE is moving to RRC connected state from inactive state. 
	RAN1#112 Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.


Proposal 1: RRCConnectionResumeComplete and RRCConnectionResumeComplete-NB can be used to report the GNSS position fix time duration for measurement.
RAN1 is also discussing whether GNSS position fix time duration for measurement is fixed for a special UE. If yes, the UE only needs to report this information when moving to RRC connected state. In contrast, if this information is changeable, the UE should report it to the network when/after updated in connected mode, and other signaling (e.g. MAC CE) may be needed. After RAN1 has some agreements on this issue, RAN2 can further discuss whether to report GNSS position fix time duration for measurement during connected mode and/or whether the same MAC CE as reporting GNSS validity duration can be reused. 
Proposal 2: Whether/how to report GNSS position fix time duration for measurement in connected mode can wait for RAN1’s progress.
For GNSS validity duration, RAN1 has agreed that UE may report GNSS validity duration with MAC CE in connected mode. Thus, a new MAC CE should be introduced to report GNSS validity duration. 
	RAN1#110b Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.


Proposal 3: A new MAC CE should be introduced to report GNSS validity duration.

2.2 UE behaviour
In last meeting, RAN2 discussed 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. We think this means that the start of GNSS measurement gap is earlier than GNSS validity duration and the end is later than GNSS validity duration. In R18, this objective focus on the long-term connection scenario and simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. Thus, the UE natively cannot perform legacy data transmission/reception when it initiated a GNSS measurement even if the current GNSS position is valid. If the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement, the UE will quickly resume the UL sync when it obtains the new GNSS validity duration and continue the data repetition. However, if the UE enters to RRC_IDLE state, it will perform RRC connection setup procedure when the new validity duration is obtained, which will increase the signaling overhead and is against the objective for long-term connection. Therefore, we think that UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement.
Proposal 4：UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement.

RAN2 also discussed whether the UE reports GNSS validity duration after GNSS measurement every time or only if the validity duration changes. We understand both options are feasible, but if the UE only reports the new GNSS validity duration when it changes, an additional indication is needed to indicate the successful GNSS measurement. Because the network would be confused whether the GNSS validity duration is not changed or the GNSS measurement is not performed successfully by UE when there is no GNSS validity duration reported. 
In RAN1#112 meeting, RAN1 agreed the following alternatives to inform eNB the success of GNSS measurement. We understand these alternatives can both implicitly indicate the successful GNSS measurement. 
	RAN1#112 Agreement
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


Based on the above analysis and RAN1 agreements, we propose that the UE can implicitly indicate successful GNSS measurement by reporting GNSS validity duration or continuing repetition of UL transmission. In addition, if RAN2 agreed that the UE only reports GNSS validity duration when it changes, an explicit indication should be introduced to indicate the successful GNSS measurement to the network. 
Proposal 5: The UE can implicitly indicate the successful GNSS measurement by reporting GNSS validity duration or continuing repetition of UL transmission.
Proposal 6: If the UE only reports GNSS validity duration when it changes, an explicit indication should be introduced to indicate the successful GNSS measurement to the network.
In last meeting, if the duration is the remaining validity duration or the whole duration is FFS. In R17, the validity duration is remaining duration, we think the similar mechanism can be reused in R18. Anyway, the whole during is not appropriate since at least 1/2 UE-eNB RTT should be reduced when the eNB receives it.
Proposal 7: The reported GNSS validity duration is the remaining validity duration.

2.3 GNSS measurement configuration/trigger
In RAN1#110bis meeting, RAN1 agreed to support eNB to at least aperiodically trigger UE to make GNSS measurement. And if eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used. 
	RAN1#110b Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.


In last meeting, some companies pointed that the MAC CE solution has security risk issue, e.g. a fake/tampered MAC CE may disrupt or suspend the data transmission of UE. However, there are several MAC CEs from network, such as (long) DRX Command MAC CE, are used to indicate the UE to sleep, in which case the UE cannot receive PDCCH for a period of time. Similarly, using MAC CE to trigger GNSS measurement would make UE unreachable, but the UE would come back once the UE has re-acquired its GNSS location during the GNSS measurement gap. We don’t see any security issue, and the legacy acknowledgement scheme is enough.
Proposal 8: A new MAC CE should be introduced for eNB to dynamically trigger UE to make GNSS measurement.
For GNSS measurement gap configuration, the following options were proposed in last meeting and has no consensus:
- Option 1: RRC signaling
- Option 2: The same MAC CE triggering GNSS measurement
- Option 3: No explicit GNSS measurement gap configuration, if the UE starts GNSS measurement upon the GNSS validity duration is expired and the measurement gap is equal to the latest UE reported GNSS position fix time duration
During the discussion of last meeting, some companies support option 1 since RRC signaling has higher reliability which is similar to legacy measurement gap configuration method. However, some companies think option 2 is simpler, and RRC reconfiguration is not supported for NB-IoT. In addition, some companies propose to use the same duration with reported GNSS position fix time duration for measurement by UE, and the UE should start GNSS measurement upon the GNSS validity duration is expired, so there is no need to configure an explicit GNSS measurement gap to the UE.
RAN1 also discussed option 3 in last meeting and has no consensus. RAN1 agreed that the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration. We understand that whether to support option 3 can be left to RAN1 discussion, and RAN2 can focus on option 1 and option 2.
	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.
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.


Considering to use an unified solution for NB-IoT and eMTC, we slightly prefer option 2 to configure the GNSS measurement gap, since option 1 is not supported by NB-IoT.
[bookmark: _GoBack]Proposal 9：The new MAC CE for GNSS measurement control is preferred, which includes both triggering the behaviour GNSS measurement and conveying the configuration of GNSS measurement gap, aiming to figure out an unified solution for both NB-IoT and eMTC UEs with less new logical channel ID. The details can be further discussed.

3	Conclusion
Here are the proposals for HARQ enhancements for IoT-NTN.
Proposal 1: RRCConnectionResumeComplete and RRCConnectionResumeComplete-NB can be used to report the GNSS position fix time duration for measurement.
Proposal 2: Whether/how to report GNSS position fix time duration for measurement in connected mode can wait for RAN1’s progress.
Proposal 3: A new MAC CE should be introduced to report GNSS validity duration.
Proposal 4：UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement.
Proposal 5: The UE can implicitly indicate the successful GNSS measurement by reporting GNSS validity duration or continuing repetition of UL transmission.
Proposal 6: If the UE only reports GNSS validity duration when it changes, an explicit indication should be introduced to indicate the successful GNSS measurement to the network.
Proposal 7: The reported GNSS validity duration is the remaining validity duration.
Proposal 8: A new MAC CE should be introduced for eNB to dynamically trigger UE to make GNSS measurement.
Proposal 9：The new MAC CE for GNSS measurement control is preferred, which includes both triggering the behaviour GNSS measurement and conveying the configuration of GNSS measurement gap, aiming to figure out an unified solution for both NB-IoT and eMTC UEs with less new logical channel ID. The details can be further discussed.
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