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1	Introduction
The work item for IoT NTN enhancements in Rel-18 [1] includes an objective on performance enhancements that was updated in [2]:
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.

At RAN2#119 the following was agreed:
Agreements:
1. Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability
2. For UL HARQ operation, introduce two HARQ modes, i.e., HARQ mode A and HARQ mode B in IoT NTN (both NB-IoT and eMTC NTN), similarly to NR NTN
3. From RAN2 perspective, at least for eMTC, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. FFS for NB-IoT (and especially for CP solution for NB-IOT).

And at RAN2#119bis, the following was agreed:
Agreements:
1. For NB-IoT, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signaling (e.g. RRCConnectionSetup). This does not preclude other options (e.g. DCI-based). We can also revert this decision if requested by RAN1.
2. Disabling HARQ feedback is supported for NB-IoT with single HARQ process, and it is up to eNB implementation whether to disable the HARQ feedback
Working Assumption: 
1. Blind retransmission can be used in IoT NTN when HARQ feedback is disabled and when HARQ mode B is used (RAN2 assumes there is no spec change for this)

Agreements:
1. HARQ mode A/B for uplink transmission may be configured per UL HARQ process at least via UE specific RRC signalling for eMTC and NB-IOT NTN. We can also revert this decision if requested by RAN1

Agreements:
1. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding DL HARQ RTT timer.
2. 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 (can still check whether the alternative to set the HARQ RTT timer to 0 also works)
3. RAN2 agree to take R17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process in HARQ mode B, the UE will not start the corresponding UL HARQ RTT timer.
4. For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission (can still check whether other alternatives also work)
5. The solutions of LCP restriction on allowed HARQ mode in NR NTN can be reused for eMTC NTN.

And at RAN2#120, the following was agreed:
Agreements:
1. 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.
2. RAN2 understands that something needs to be added to consider the processing time also for inactivity timer of HARQ mode B. Continue the discussion on the details in the next meeting

Agreements:
1.	For eMTC, the following LCH to HARQ process mapping rules are supported: 
	1) LCH is mapped only to a HARQ process configured with HARQ mode A;
	2) LCH is mapped only to a HARQ process configured with HARQ mode B;
	3) If an LCH is not configured with a mapping rule, it may be mapped to any HARQ process (HARQ mode A or B).
	4) If UL HARQ mode is not configured, LCH mapping rules are not supported (legacy behaviour)
2.	For eMTC, introduce allowedHARQ-mode for each logical channel, e.g. included in LogicalChannelConfig IE.

Agreements:
1. An optional UE capability is introduced to indicate whether the UE supports disabling HARQ feedback for downlink transmission.
2. An optional UE capability is introduced to indicate whether the UE supports HARQ Mode B and, for eMTC, the corresponding LCP restrictions for uplink transmission

In this paper we discuss our view on the performance enhancements. 
[bookmark: _Ref178064866]2	Discussion
2.1	HARQ enhancements
For the inactivity timer of HARQ mode B, we believe drx-InactivityTimer shall be restarted after a period equal to the minimum time between two grants for the same HARQ process Id. This will enable the eNB to send grants as close in time as possible to maximize the data rate. 
[bookmark: _Toc127518439]For HARQ mode B, the drx-InactivityTimer is (re)started after a period equal to the minimum time between two grants for the same HARQ process. 

[bookmark: _Toc127518434]RAN1 has not discussed the uplink for HARQ mode B where the intention is to send grants to the UE as close in time as possible to maximize the data rate without retransmissions.
[bookmark: _Toc127518440]Send LS to RAN1 asking about the minimum time between two grants for the same HARQ process. 

2.2	GNSS enhancements
The following was agreed in RAN1#110
Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix.
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
Note: further discuss whether a UE is expected to handle all eNB triggers

And in RAN1#110bis
Network-triggered GNSS measurements
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.
GNSS assistance information
Agreement
· UE reports GNSS position fix time duration for measurement at least during the initial access stage.
· which message carries this information is up to RAN2 

Agreement
· In connected mode, UE may report GNSS validation duration with MAC CE.

And in RAN1#111
Agreement
· For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration
· 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

Thus, RAN1 want the UE to report “GNSS position fix time duration for measurement” together with the legacy report GNSS validity duration (gnss-validityDuration IE). For this purpose, we can introduce a gnss-fixDuration IE that reports the “GNSS position fix time duration for measurement” and we can trigger this report at the same places as validity duration is reported in legacy RRC. The possible values for “GNSS position fix time duration for measurement” are still being discussed in RAN1. 
[bookmark: _Toc127518441]Introduce a new IE gnss-fixDuration for reporting “GNSS position fix time duration for measurement”. This report is triggered to be reported in the same places where gnss-validityDuration is triggered today. 
[bookmark: _Toc127518442]Wait for further RAN1 progress before deciding the value range for “GNSS position fix time duration for measurement” in gnss-fixDuration. 

Further, RAN1 ask for a new MAC CE to trigger the UE to start GNSS position acquisition. A MAC CEs that trigger the UE to do GNSS measurements means the UE will stop transmitting PUCCH/PUSCH and stop receiving PDCCH/PDSCH to instead measure on GNSS signals. This is a major security risk, if an attacker sends this triggering MAC CE – the UE will stop communicating and disappear from the network’s point of view. 
[bookmark: _Toc127518435]Using MAC CE to trigger UEs to acquire GNSS position fix carries a major security risk. 

Therefore, we propose to only allow RRC signalling to trigger the UE to start GNSS position acquisition for security reasons – which will also increase the reliability of the signalling with only minor addition in delay compared to a MAC CE. Using RRC also has the benefit that when the report is ready to be transmitted, an SR/BSR will be triggered in case the UE has no grant available – which would be an issue if the UE only reports via MAC CE. 
[bookmark: _Toc127518436]Using RRC for reporting the GNSS validity duration and GNSS position fix time duration will trigger SR/BSR when reports are ready while a MAC CE will not trigger SR/BSR. Further RRC is more secure and can reuse the existing gnss-validityDuration IE for the report. 

A natural place to introduce this is in the UEInformationRequest / UEInformationResponse procedure.
[bookmark: _Toc127518443]Introduce a new field gnss-positionFixReq in the UEInformationRequest and UEInformationRequest-NB for triggering the UE to acquire a GNSS position fix. 
[bookmark: _Toc127518444]Introduce gnss-validityDuration and gnss-fixDuration in UEInformationResponse and UEInformationResponse-NB. 

Regarding the UE reacquiring the GNSS autonomously, for example by utilizing a C-DRX period of sleep – we see this as an unnecessary feature. If there is no data for the UE in DL, and the UE has no data in UL (which is when the UE is able to not monitor PDCCH), then there is no need to keep the UE in connected mode. It is better if the UE is triggered to acquire the GNSS position by eNB when data arrives in DL, or if UE does it autonomously when UL data arrives in the UE. 
[bookmark: _Toc127518437]The UE autonomously reacquiring the GNSS position fix is already possible for UL data arrival in release-17 by going to IDLE. In release 18 it is sufficient if the UE acquire the GNSS position at UL data arrival. 
[bookmark: _Toc127518438]In the case of DL data arrival when the eNB knows the UE has no valid GNSS position fix, the eNB can trigger the UE to reacquire a GNSS position fix (if the UE happens to not listen to PDCCH because UL data has arrived – that is fine, the UE will then be ready with a new GNSS position fix a little earlier). 

Thus, if the UE continue to listen to PDCCH after GNSS position becomes invalid, nothing more is needed compared to release 17 besides that the UE shall not go to IDLE when GNSS position becomes outdated.
[bookmark: _Toc127518445]An NTN UE that supports release 18, can be configured to not go to IDLE when GNSS position becomes outdated. 

If the UE is not triggered to acquire a GNSS position fix, and no data arrives for the UL – the UE will eventually time out and go to IDLE from the inactivity, just as in legacy. 

3	Conclusions
In the previous sections we made the following observations: 
Observation 1	RAN1 has not discussed the uplink for HARQ mode B where the intention is to send grants to the UE as close in time as possible to maximize the data rate without retransmissions.
Observation 2	Using MAC CE to trigger UEs to acquire GNSS position fix carries a major security risk.
Observation 3	Using RRC for reporting the GNSS validity duration and GNSS position fix time duration will trigger SR/BSR when reports are ready while a MAC CE will not trigger SR/BSR. Further RRC is more secure and can reuse the existing gnss-validityDuration IE for the report.
Observation 4	The UE autonomously reacquiring the GNSS position fix is already possible for UL data arrival in release-17 by going to IDLE. In release 18 it is sufficient if the UE acquire the GNSS position at UL data arrival.
Observation 5	In the case of DL data arrival when the eNB knows the UE has no valid GNSS position fix, the eNB can trigger the UE to reacquire a GNSS position fix (if the UE happens to not listen to PDCCH because UL data has arrived – that is fine, the UE will then be ready with a new GNSS position fix a little earlier).

Based on the discussion in the previous sections we propose the following:
Proposal 1	For HARQ mode B, the drx-InactivityTimer is (re)started after a period equal to the minimum time between two grants for the same HARQ process.
Proposal 2	Send LS to RAN1 asking about the minimum time between two grants for the same HARQ process.
Proposal 3	Introduce a new IE gnss-fixDuration for reporting “GNSS position fix time duration for measurement”. This report is triggered to be reported in the same places where gnss-validityDuration is triggered today.
Proposal 4	Wait for further RAN1 progress before deciding the value range for “GNSS position fix time duration for measurement” in gnss-fixDuration.
Proposal 5	Introduce a new field gnss-positionFixReq in the UEInformationRequest and UEInformationRequest-NB for triggering the UE to acquire a GNSS position fix.
Proposal 6	Introduce gnss-validityDuration and gnss-fixDuration in UEInformationResponse and UEInformationResponse-NB.
Proposal 7	An NTN UE that supports release 18, can be configured to not go to IDLE when GNSS position becomes outdated.
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