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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 for a new position fix for UE pre-compensation during long connection times and reduced power consumption.
Discussion
Synchronization in a non-terrestrial network relies on using the position of the nodes in a network. For this the correct UE and satellite position is required, where the UE position is acquired using GNSS measurements and the satellite position is estimated using the broadcasted ephemeris. However, performing GNSS measurements may take time and also consume a lot of power. Furthermore, the UE position may change and become outdated over time. However, a Rel-17 IoT NTN UE is not assumed to perform any GNSS measurements in RRC connected mode, making longer connection times difficult. In IoT NTN Rel-18, work is therefore being done to support performing GNSS measurements in connected mode. As part of the WID, RAN1/RAN2 will address both performing GNSS measurements during long connection times as well as reducing the power consumption of GNSS measurements. While a lot of the work is currently directed towards how to perform GNSS measurements in connected mode, we would like to highlight that addressing the power consumption aspect is also important. 
Observation 1: RAN1/RAN2 is addressing performing GNSS measurements during long connection times as well as reducing power consumption of performing GNSS measurements. 

On GNSS measurement procedures
In RAN2#121, there were online and offline discussions on GNSS measurements in connected mode. In particular there was an e-mail discussion on the topic and the agreements taken were [3]: 
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
	FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete. 
	FFS RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,
	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

The first issue to address is how a UE reports the GNSS position fix time duration during initial access. For the validity duration that was introduced in Release 17 to report how long time the UE has before going to RRC idle following the GNSS being invalid, it was introduced to all –Complete messages. These messages are the RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReestablishmentComplete and RRCConnectionReconfigurationComplete, as well as their NB-IoT versions. The reason why it was introduced in these messages is that an IoT NTN UE would be required to perform GNSS at some point before these messages are sent, i.e before connecting to an NTN cell via 1) RRC setup or 2) RRC resume procedures, 3) before a reestablishment procedure is started and 4) before a handover is performed. 
Observation 1: Rel-17 GNSS validity duration is introduced in –Complete messages as the UE needs to perform a GNSS measurement before the related procedures. 
Thus for reporting the GNSS position fix time duration in the different message, the question is what are the use of the GNSS position fix time duration. During the RRC setup it can be useful for a network to get knowledge instantly how long time the GNSS measurements might take. This could potentially be useful in the reestablishment and handover cases, as the UE may in both cases connect to another UE. However, to always include the message might not be so useful in many cases and it can also put some strain on signalling. A more useful solution for the network is to be able to acquire the information when required. For this, there are already helpful signalling framework for assistance information in UEInformationRequest / UEInformationResponse. In all of the cases of resuming, reestablishing and performing a handover, the network will have the full UE context, which contains the UE capabilities. This means that the network will be aware if the UE can report the GNSS position fix time duration. Thus we propose that for any other reason than RRC Setup complete, the UE can report the GNSS position fix time duration via UEInformationRequest / UEInformationResponse. For reporting in Msg3, we do not see any need for this because there are no procedures that need reporting of the GNSS fix time in Msg3. It also causes problems for a network implementation because Msg3 is more difficult to schedule. 
Observation 2: Network will have UE context and UE capabilities for resuming, re-establishing and performing handovers – thus network can request GNSS fix time duration if needed. 
Proposal 1: UE reports GNSS fix time duration as request by the network via UEInformationRequest / UEInformationResponse (when resuming, re-establishing and performing a handover). 
Proposal 2: GNSS fix time duration is not reported in Msg3 (neither in related MAC nor RRC messages).
In the last meeting there were discussions on how a UE can stay in RRC connected mode while performing a GNSS measurement. In IoT NTN Release 17 the UE will leave RRC idle autonomously if the GNSS position is out-of-date: 
---------------- 36.331 V17.4.0 ----------------
[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>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
---------------- 36.331 V17.4.0 ----------------
It should be clear that a UE shall never attempt to send any uplink data using an out-dated GNSS measurement, regardless of the enhancements introduced. If a measurement is currently being performed while the GNSS position is being performed, the UE should be able to stay in RRC connected mode to finish the measurement. One way to specify this is that performing a GNSS measurement triggers a timer T3XX (T319 being suitable as both T317 and T318 are related to NTN). While the timer is active, the UE shall not leave RRC connected mode and on expiry, the UE shall leave RRC connected mode. This could be specified in the following manner:
---------------- 36.331 V17.4.0 ----------------
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 and T3XX is not running, or T3XX has expired and the GNSS position has become out-of-date, the UE shall:
1>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.
---------------- 36.331 V17.4.0 ----------------
Proposal 3: Performing GNSS measurement in RRC connected triggers timer T3XX and if the GNSS position becomes out-of-date while T3XX is running, the UE stays in connected mode. If T3XX expires and the GNSS position is out-of-date, the UE leaves RRC connected mode as in Rel-17. 
Another topic on GNSS measurements in RRC connected mode is when the GNSS validity duration is reported after having performed a GNSS measurement. The question is whether a UE reports it every time after a GNSS measurement or only if the validity duration changes. One observation is that a UE is not expected to perform a GNSS measurement very often. This is supported by the current values of gnss-ValidityDuration, whose smallest value is 10 seconds. Thus we do not see much savings in not reporting the GNSS validity duration every time a UE performs a GNSS measurement. 
Observation 3: A UE is not expected to perform a GNSS measurement more often than every 10 seconds, as evidenced by the applicable values of gnss-ValidityDuration. 
Proposal 4: UE reports the GNSS validity duration every time a GNSS measurement is performed. 
For reporting the validity duration, in Rel-17 it was agreed that the UE reports the remaining validity duration “The IE GNSS-ValidityDuration indicates the remaining GNSS validity duration in the UE”. Thus we see no reason why it should not remain the same for Rel-18:
Proposal 5: UE reports remaining validity duration after a GNSS measurement. 
Finally, for a UE to perform a GNSS measurement, one major question is where the GNSS measurement is modelled to be performed, in MAC or in RRC. For this, we first need to understand the discussions that have been taking place in RAN1. 
RAN1 has been discussing two ways of triggering a GNSS measurement: 
1. UE-triggered GNSS measurements. In this case, the network sets up certain time windows, or GNSS measurement gaps where a UE may perform GNSS measurements. These occasions where to perform GNSS measurements will likely be RRC-configured.
2. Network-triggered GNSS measurements. In this case the network sends an explicit command to a UE to perform a GNSS measurement and may send a reply after having performed the GNSS measurement. 
We note that the UE-based triggering is likely to be described in RRC on something on the lines of “if gnss-MeasurementGaps have been configured and UE is RRC connected mode, the UE shall upon indication that the GNSS position is becoming out-of-date perform GNSS measurements”. 
Observation 4: For UE-triggered GNSS measurements, if introduced it is likely to be triggered in RRC. 
The requirements on when a UE shall have performed GNSS measurements for certain procedures, such as before RRC setup, before RRC resume and before RRC re-establishment as well as action when the GNSS measurement is out-of-date are all modelled in RRC specification. Furthermore, given that RRC ensures delivery via RLC and PDCP, it is more reliable compared to a MAC CE, where if a MAC CE is lost, there may be problems with the state machine if the network does not know whether a UE is performing a GNSS measurement or not. Furthermore, given the time scale of performing a GNSS measurements – several seconds, we do not see any valid latency reasons to utilize MAC CE. Given all of these factors combined, we believe that it is more suitable for the GNSS measurement to be triggered in RRC rather than MAC. 
Proposal 6: GNSS measurements are triggered to be performed in RRC using an RRC command. FFS which command. 
Triggering GNSS command via RRC release
While staying in connected mode to perform the GNSS measurements may make sense in several cases, there are also challenges related to the fact that a GNSS measurement may take a very long time in several implementations, from 1 second to several 10s of seconds. The main challenge is in a LEO network where satellites and its related cells are highly mobile. In this case, mobility may need to be performed due to the highly mobile cells while a GNSS measurement is being performed. The GNSS measurement times can in some cases be at the order of the length of a connection time in many LEO scenarios. 
Observation 5: GNSS measurement length are at the order of length of a connection time of a cell in many LEO scenarios. 
To handle these cases, it should be possible to order a UE to perform a GNSS measurement while not being in connected mode. Thus we suggest that it should be possible for an eNB to signal in a RRCRelease message that a UE shall perform a GNSS measurement. After the measurement has been performed, the UE will go through normal idle mode and RRC establishment procedures and connect to a new cell or the same cell depending on the selected cell. 
Proposal 7: Introduce ability to instruct UE to perform GNSS measurements in an RRCRelease message.
GNSS Assistance data
As mentioned above, the work item also targets the power consumption of performing GNSS measurements. The power consumption, speed and accuracy of performing a GNSS measurement can be greatly improved by having access to GNSS Assistance data. GNSS assistance data [4] are a set of information fields that can provide assistance information for performing GNSS measurements. There are common assist data that can be used for any GNSS type (gps, sbas, qzss or galileo) such as reference time, reference location, ionospheric models etc. There are also generic assistance data that can be used for a specific type of GNSS which includes time models, almanac etc. 
To assist with an IoT NTN UE to perform and reduce power consumption, it would be greatly beneficial if GNSS assistance could be supplied to an IoT NTN UE via the LTE Positioning Protocol. Thus we think that RAN2 should consider whether LPP procedures are applicable to IoT NTN to deliver GNSS assistance data. 
Proposal 8: RAN2 to consider LPP for IoT NTN to deliver GNSS assistance data.






Conclusion
In this contribution we discussed issues related to GNSS operation enhancements. 
Observation 1: Rel-17 GNSS validity duration is introduced in –Complete messages as the UE needs to perform a GNSS measurement before the related procedures. 
Observation 2: Network will have UE context and UE capabilities for resuming, re-establishing and performing handovers – thus network can request GNSS fix time duration if needed. 
Observation 3: A UE is not expected to perform a GNSS measurement more often than every 10 seconds, as evidenced by the applicable values of gnss-ValidityDuration. 
Observation 4: For UE-triggered GNSS measurements, if introduced it is likely to be triggered in RRC. 
Observation 5: GNSS measurement length are at the order of length of a connection time of a cell in many LEO scenarios. 
Proposal 1: UE reports GNSS fix time duration as request by the network via UEInformationRequest / UEInformationResponse (when resuming, re-establishing and performing a handover). 
Proposal 2: GNSS fix time duration is not reported in Msg3 (neither in related MAC nor RRC messages).
[bookmark: _GoBack]Proposal 3: Performing GNSS measurement in RRC connected triggers timer T3XX and if the GNSS position becomes out-of-date while T3XX is running, the UE stays in connected mode. If T3XX expires and the GNSS position is out-of-date, the UE leaves RRC connected mode as in Rel-17. 
Proposal 4: UE reports the GNSS validity duration every time a GNSS measurement is performed. 
Proposal 5: UE reports remaining validity duration after a GNSS measurement. 
Proposal 6: GNSS measurements are triggered to be performed in RRC using an RRC command. FFS which command. 
Proposal 7: Introduce ability to instruct UE to perform GNSS measurements in an RRCRelease message.
Proposal 8: RAN2 to consider LPP for IoT NTN to deliver GNSS assistance data.
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