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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.
GNSS measurement enhancements
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 Furthermore, the UE position may change and become outdated over time.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#121bis-e the there were online and offline discussions on GNSS measurements in connected mode and following agreements were taken: 
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
Agreements via email – from offline 104 – second round:
1. 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
2. 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

Agreements online:
1. For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
2. 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

The reported remaining validity duration is a measure that is estimated by a UE according to UE implementation. In release 17 there were never any discussions on how a UE estimates such a parameter. Estimating this parameter would require the UE to take in to account UE movement, which is likely highly irregular and close to impossible to foresee in many circumstances. Thus the parameter would except for in some special cases be a very coarse measure for how long the GNSS position is valid. This means that there is no need to optimize how such a parameter is signalled and we think that the working assumption can be confirmed. 
Observation 2: GNSS validity duration as introduced in Rel-17 is UE-estimated up to UE implementation and thus a very coarse parameter. 
Proposal 1: Confirm working assumption: GNSS validity duration UE reports after GNSS measurement is the remaining validity duration. 
Another topic that was discussed but still no agreements made is related to when to report after having performed a GNSS measurement. One proposal is that the GNSS fix time is not reported in connected mode, as it is claimed that it will not change during the UE being in RRC connected mode, neither compared to when the UE performs a GNSS measurement in RRC idle. 
However, the suggestion that the GNSS fix time will stay the same can easily be disproved by the possibility of a UE using LPP. LPP can provide assistance information for a UE performing GNSS measurements and can be used by NB-IoT and eMTC, and this information are targeted for a UE to reduce power consumption and the time to perform a GNSS measurement [3]. How the GNSS measurement performed in RRC idle and RRC connected potentially being different can be seen in Figure 1. Thus we propose that the GNSS fix time is either reported at every completion of GNSS fix or reported when requested by the network, for instance via UEInformationRequest / Response. 
Observation 3: GNSS fix time can change by UE acquiring GNSS assistance information via LPP, thus the GNSS fix time not changing cannot be considered to always be true. 
Proposal 2: GNSS fix time is either reported at every completion of GNSS measurement, or when requested by the network for instance via UEInformationRequest/Response. 

Figure 1. Performing GNSS measurement in RRC idle before connecting and performing GNSS measurement in RRC connected after acquiring A-GNSS information.
If reporting of GNSS fix time is agreed to be reported via UEInformationRequest/Response, then we do not think that reporting in RRCReestablishmentComplete or RRCConnectionReconfigurationComplete is needed. If this is not agreed, then we think it would be necessary. This is as the two messages may be sent in a different cell than the one that the UE report the GNSS position fix to. This means that the alternative is that this is a part of the UE context, which we think is not necessary.  Thus we propose
Proposal 3: If GNSS position fix is agreed to be reported in UEInformationResponse, no need to report in RRCReestablishmentComplete and RRCConnectionReconfigurationComplete, else it can be reported in these messages. 
In [4] RAN1 sent an LS regarding C-DRX and performing GNSS measurements. RAN1 has commented that performing that a UE is not forbidden to perform GNSS position fix during the inactive state for connected mode DRX but that the details of this is up to RAN2. Performing the GNSS measurement during the inactive state of C-DRX could be very beneficial to ensure that data transmissions can continue. This also means that performing the GNSS measurement will be significantly less disruptive to overall procedures. 
When the UE is commanded by the network to perform a GNSS measurement, it can be indicated that the UE shall perform the GNSS measurement during C-DRX, i.e that the UE shall still have its active-time during the DRX cycle. Furthermore, it should be discussed whether a GNSS measurement may be performed under very short DRX cycles. 
Proposal 4: RAN2 to discuss how to enable GNSS measurement during C-DRX. 
In the last meeting it was agreed that at least for NB-IoT CP-solution the GNSS validity duration will be reported using MAC CE. This implies that GNSS measurement will be modelled in MAC. Performing a GNSS measurement as agreed is already agreed to have the following impact in RRC: 
· Negate moving to RRC idle while GNSS measurement is being performed
· Delaying system information acquisition until GNSS measurement is completed. 
· Suspension of RLM
Thus we think that RAN2 should discuss how to handle modelling GNSS measurement triggering in MAC considering impacts in RRC, i.e through MAC-RRC indication or similar. 
Proposal 5: For NB-IoT CP solution, discuss how to handle modelling GNSS measurements triggered in MAC considering RRC impacts of performing a GNSS measurement. 
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 6: RAN2 to consider LPP for IoT NTN to deliver GNSS assistance data.
HARQ enhancements
In the last meeting the following was agreed: 
Agreements:
1. RAN2#121’s agreement is revised to “For NB-IoT NTN with single HARQ process when the HARQ feedback is disabled, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PDSCH reception plus 12 subframes plus deltaPDCCH” (Can further check in the NB-IoT session if anything needs to be done for legacy NB-IoT as well, as some timers don’t take deltaPDCCH into account)
2. Wait for RAN1’s decision on the RRC signalling of enabling DCI-based solution to indicate HARQ feedback enabled/disabled, and the signalling granularity, e.g. per UE or per HARQ process
3. On DCI indication overriding RRC configuration for the HARQ feedback enabled/disabled, wait for RAN1’s progress on DCI-based solution before discussing related DRX impact in RAN2.
4. On DL multiple TB scheduling, wait for RAN1’s progress before discussing related DRX impact in RAN2.
5. P4 in R2-2302557 is not agreed, i.e. no special handling for single HARQ process for eMTC.
6. For eMTC NTN, a parameter harq-FeedbackEnablingforSPSactive could be configured for a UE. If harq-FeedbackEnablingforSPSactive is configured to enable HARQ feedback, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless of if HARQ feedback is enabled or disabled corresponding to the first SPS PDSCH after activation.
7. For a NB-IoT UE configured with a single HARQ process in HARQ mode B, send LS to RAN1 and ask for the “processing time for starting drx-InactivityTimer (i.e. start to monitor NPDCCH)”. (can further check the detailed wording of the question)
8. Network implementation resolves the issue of ambiguity on start of DRX inactivity timer after the PUSCH transmission by not scheduling the NPDCCH back-to-back during the ambiguity period (i.e., Koffset – UE’s TA)
9. Send LS to RAN1 to check for UL multiple TB scheduling, which UL HARQ mode combination(s) are to be supported.
10. In the LS to RAN1, we don’t include a question on whether RAN1 intends to introduce the DCI-based solution for the UL HARQ mode
11. UL transmission using SPS can be configured with HARQ mode B
12. P1 in R2-2303713 is not agreed, i.e. do not enhance the LCP restriction based on uplinkHARQ-Mode for different RLC PDU types
13. Send LS to RAN1 informing RAN2’s agreements and also including potential questions to be checked with RAN1

Agreements via email – from offline 103 – second round:
1. Add one more question in the LS to check with RAN1 which of the below understandings is correct for the RAN1 agreement.
	Understanding 1: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for the same HARQ process in a period of Y=12(ms) from the end of reception of the NPDSCH.
	Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
2. RAN2 further discuss whether UL transmission using PUR can be configured with HARQ mode B. 

From the last meeting, a set of issues were not addressed: 
Proposal 11: For the UL HARQ mode, at least RRC configuration is supported. Send LS to RAN1 and ask whether RAN1 intends to introduce the DCI-based solution.
Proposal 12b: (13/14) UL transmission using PUR can be configured with HARQ mode B.
Proposal 14: (4:4:5) Discuss online for IoT NTN whether to enhance the TAR MAC CE transmission which was discussed in Rel-17 NR NTN.
· Continue in the next meeting
In the last meeting it was agreed that SPS UL transmissions using SPS can be configured with HARQ mode B. Consequently, it was also suggested that PUR can be configured with HARQ mode B: 
Proposal 3: (11/14) RAN2 further discuss whether UL transmission using PUR can be configured with HARQ mode B.
However, some issues was raised with this. Preconfigured Uplink Resources (PUR) provides the UE with resources to enable transmitting data in a pre-defined slot for a UE in RRC idle mode without first establishing via RRC resume or EDT. The PUR-config contains a single slot and the corresponding PHY configurations for that slot. After the UE has transmitted in a PUR slot, the timer pur-ResponseWindowTimer is started to monitor for responses on PDCCH. In a non-terrestrial network, the UE will wait a further UE-gNB-RTT before starting the timer. 
In the e-mail discussion [5] it was mentioned that the use of HARQ mode B for PUR is to enable blind HARQ re-transmissions, thus not necessarily to configure HARQ mode B is as commonly known from NR NTN. The suggestion is that pur-ResponseWindowTimer is started earlier than UE-gNB-RTT as introduced in Rel-17. This requires change to how pur-ResponseWindowTimer operates. 
In IoT NTN there have already been repetitions introduced to allow for higher reliability of PUR, thus we do not see a strong reason to introduce blind re-transmissions for PUR. It should also be noted PUR is likely a bit of corner case for NTN as cells will moving very quickly and PUR configuration has a periodicity that starts at 8 H-SFN (=81.92 s), which is usually well below the visibility duration of a single cell in a LEO 600 km height deployment. 
Observation 4: Blind re-transmissions is unlikely to provide a lot of benefits to PUR given the NTN use case and already introduced repetitions. 
Furthermore, PUR functions differently to SPS in that if there are no data available to transmit in the PUR occasion, then the PUR occasion will not be used in accordance with RRC. This means that performing blind re-transmission may involve a lot of waste of network resources or the blind re-transmissions may only be performed once the first PUR transmissions has been received. For this limited use we think blind re-transmissions using PUR should be de-prioritized. 
Proposal 7: RAN2 to de-prioritize blind re-transmissions for PUR.
Another issue that was discussed last meeting was on how to indicate/configure HARQ mode B. In NR NTN, HARQ mode B is configured via RRC via a bit-string that indicates for each HARQ process whether it is configured with HARQ mode A or B. Then if the DCI indicates one if the HARQ process IDs, then the UE knows whether the scheduled uplink transmission is a HARQ mode A or HARQ mode B transmission. In Rel-18 IoT NTN, RAN1 has agreed that for the downlink a new bit in DCI may be used to indicate that HARQ is turned OFF. This may then be combined with the RRC-based HARQ-id signalling in a yet-to-be fully defined manner. 
In RAN2 the question is thus whether the Rel-17 NR NTN solution is sufficient to only introduce HARQ-ID based signalling or whether to also introduced DCI-bit based HARQ mode B signalling. We believe that the RAN1-introduced downlink method is likely to introduce certain complications in RAN2, and as HARQ mode A/B is more of a RAN2-concern, we believe that RAN2 can keep things simple and decide to only allow for HARQ mode signalling to be done via RRC and HARQ process ID. 
Proposal 8: RAN2 only introduces Rel-17 NR NTN solution for configuring HARQ mode A/B, i.e no DCI-overriding or configuration of HARQ mode A/B.
Enhancements to how TAR MAC CE is handled was proposed in [6]. The problem mentioned is that the LCP restrictions related to HARQ mode A/B introduced in NR NTN does not affect any MAC CEs, including Timing Advance Reporting MAC CE. Thus the contribution claims that there is a chance that the TAR MAC CE is sent on HARQ processes that are less reliable. The problem can be solved by a number of ways that introduce rather new behaviour, such as LCP restrictions for MAC CEs, triggering of the TAR MAC CE or similar. In our view this enhancement is likely not very crucial as reporting TAR MAC CE in connected mode is an optional feature. 
Observation 5: The problem of no LCP restrictions for TAR MAC CE is not crucial as TAR MAC CE itself is an optional feature. 
[bookmark: _GoBack]Proposal 9: RAN2 to de-prioritize TAR MAC CE enhancements. 
Conclusion
In this contribution we discussed issues related to GNSS operation enhancements. 
Observation 1: RAN1/RAN2 is addressing performing GNSS measurements during long connection times as well as reducing power consumption of performing GNSS measurements. 
Observation 2: GNSS validity duration as introduced in Rel-17 is UE-estimated up to UE implementation and thus a very coarse parameter. 
Observation 3: GNSS fix time can change by UE acquiring GNSS assistance information via LPP, thus the GNSS fix time not changing cannot be considered to always be true. 
Observation 4: Blind re-transmissions is unlikely to provide a lot of benefits to PUR given the NTN use case and already introduced repetitions. 
Observation 5: The problem of no LCP restrictions for TAR MAC CE is not crucial as TAR MAC CE itself is an optional feature. 
Proposal 1: Confirm working assumption: GNSS validity duration UE reports after GNSS measurement is the remaining validity duration. 
Proposal 2: GNSS fix time is either reported at every completion of GNSS measurement, or when requested by the network for instance via UEInformationRequest/Response. 
Proposal 3: If GNSS position fix is agreed to be reported in UEInformationResponse, no need to report in RRCReestablishmentComplete and RRCConnectionReconfigurationComplete, else it can be reported in these messages. 
Proposal 4: RAN2 to discuss how to enable GNSS measurement during C-DRX. 
Proposal 5: For NB-IoT CP solution, discuss how to handle modelling GNSS measurements triggered in MAC considering RRC impacts of performing a GNSS measurement. 
Proposal 6: RAN2 to consider LPP for IoT NTN to deliver GNSS assistance data.
Proposal 7: RAN2 to de-prioritize blind re-transmissions for PUR.
Proposal 8: RAN2 only introduces Rel-17 NR NTN solution for configuring HARQ mode A/B, i.e no DCI-overriding or configuration of HARQ mode A/B.
Proposal 9: RAN2 to de-prioritize TAR MAC CE enhancements. 
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