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1 Introduction

In RAN#96, a WID on IoT NTN enhancement [1] has been approved. In the WID, one objective is performance enhancements, includes the following:

	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, if 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]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.


In this contribution, we discuss on HARQ enhancement for IoT NTN and provide our views.
2 Discussion 
enabling/disabling HARQ feedback and HARQ mode configuration
The propagation delay in NTN is much larger compared with that in TN, ranging from several milliseconds to hundreds of milliseconds depending on the satellite orbit. With the limited number of HARQ processes, there may be HARQ stalling issue due to stop-and-wait in HARQ procedure, which would have an impact on throughput performance. As justified, disabling HARQ feedback is an effective way to enable continuous data transmission, which has been introduced in Rel-17 NR NTN. In Rel-18 IoT NTN WI, we have agreed to support disabling DL HARQ feedback for DL HARQ operation and two HARQ mode, i.e., HARQ mode A and HARQ mode B for UL HARQ operation for both NB-IoT and eMTC NTN.

Regarding how to configure enabling/disabling HARQ feedback and UL HARQ mode, the following agreements were made in the last RAN2 meetings.
Agreements in RAN2#119e:

1. 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).

Agreements in RAN2#119bis-e:

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. 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

The signalling options for disabling HARQ feedback were also discussed in RAN1, and RAN1 has made the following agreements on this.
Agreements in RAN1#110e:
	Agreement 

For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.
Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above


Agreements in RAN1#110bis-e:
	Agreement 
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select ONE from the following options at RAN1#111:

· Option 6a-1: Support RRC signaling configured between Option 1 and Option 3

· Option 6a-4: Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission


Based on the above agreements, using UE-specific RRC signalling for enabling/disabling of HARQ feedback configuration has been agreed in both RAN1 and RAN2. For UL, similar as Rel-17 NR NTN, introducing two HARQ mode is more like a RAN2 topic, which would affect DRX and LCP procedure, but seems no impact on RAN1, so we think it should be RAN2 to decide the signalling used for UL HARQ mode configuration. We think it is sufficient to support UE-specific RRC signalling.
Observation 1 Using UE-specific RRC signalling for enabling/disabling of HARQ feedback configuration has also been agreed in RAN1.
Observation 2 Introducing two HARQ mode would affect DRX and LCP procedure, but seems no impact on RAN1. 
The next issue is where to include the configuration for enabling/disabling HARQ feedback and UL HARQ mode. In NR NTN, a parameter downlinkHARQ-FeedbackDisabled in PDSCH-ServingCellConfig IE and a parameter UplinkHARQ-mode in PUSCH-ServingCellConfig IE are used to enable/disable HARQ feedback per DL HARQ process ID and set the HARQ mode per UL HARQ process ID, respectively. For IoT NTN, we could define the parameters in a similar way, i.e. for eMTC and NB-IoT, configuration of enabling/disabling HARQ feedback is included in PDSCH-Config IE and NPDSCH-Config-NB IE, respectively, and configuration of UL HARQ mode is included in PUSCH-Config IE and NPUSCH-Config-NB IE, respectively.
Proposal 1 For eMTC and NB-IoT, configuration of enabling/disabling HARQ feedback is included in PDSCH-Config IE and NPDSCH-Config-NB IE, respectively.
Proposal 2 For eMTC and NB-IoT, configuration of UL HARQ mode is included in PUSCH-Config IE and NPUSCH-Config-NB IE, respectively.
DRX procedure
In RAN2#119bis-e, the impact of disabling HARQ feedback and UL HARQ mode B on DRX was discussed and the following agreements were made.
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.

RAN2 has agreed to take Rel-17 NR NTN DRX solution as baseline for IoT NTN, e.g. for HARQ process with DL HARQ feedback disabled, the corresponding drx-RetransmissionTimer is not started, and for HARQ process in HARQ mode B, the corresponding drx-ULRetransmissionTimer is not started. For these HARQ processes, PDCCH monitoring for retransmission may rely on DRX Active Time due to other reasons.
To achieve this, a simple way is to reuse Rel-17 NR NTN solution, i.e. for HARQ process with DL HARQ feedback disabled, the UE will not start the corresponding HARQ RTT Timer, and for HARQ process in HARQ mode B, the UE will not start the corresponding UL HARQ RTT Timer. However, for NB-IoT UEs with a single HARQ process, the expiry of (UL) HARQ RTT Timer would trigger both the start of both drx-(UL)RetransmissionTimer and drx-InactivityTimer, and expiry of (UL) HARQ RTT Timer is the only triggering to start drx-InactivityTimer. Therefore, the impact on drx-InactivityTimer should be considered. To address this issue, two candidate solutions were discussed in the offline 120 in RAN2#119bis-e. Here we take DL as an example, for NB-IoT NTN with a single HARQ process when the HARQ feedback is disabled:
-  Option1: set HARQ RTT Timer=0

-  Option2: start/restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception

Both options could work. For Option 1, we should additionally specify that for HARQ process with DL HARQ feedback disabled, the expiry of HARQ RTT Timer does not trigger the start of drx-RetransmissionTimer. Option 2 is an enhancement on top of NR NTN solution. With Option2, UE behaviour for HARQ RTT Timer for eMTC and NB-IoT can be aligned, we should only specify a new trigger for the start of drx-InactivityTimer. We think Option 2 is more simple and straightforward.

For UL, a similar solution can be used. i.e. for a NB-IoT UE with a single HARQ process in HARQ mode B the UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH reception.
Proposal 3 For a NB-IoT UE with a single HARQ process when the HARQ feedback is disabled, the UE does not start the corresponding HARQ RTT Timer.
Proposal 4 For a NB-IoT UE with a single HARQ process when the HARQ feedback is disabled, the UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception.

Proposal 5 For a NB-IoT UE with a single HARQ process in mode B, UE does not start the corresponding UL HARQ RTT Timer.
Proposal 6 For a NB-IoT UE with a single HARQ process in mode B, the UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH reception.
LCP procedure
The impact of UL HARQ mode B on LCP was discussed in RAN2#119bis-e, and RAN2 made the following agreement:
Agreement:
1. The solutions of LCP restriction on allowed HARQ mode in NR NTN can be reused for eMTC NTN.

In NR NTN, each logical channel may be optionally configured with a parameter allowedHARQ-mode, which is used to indicate the allowed HARQ mode of a HARQ process mapped to this logical channel. If the parameter is absent, there is no restriction for HARQ mode for the mapping. We think the same mechanism can be used for eMTC NTN.
Proposal 7 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).
Proposal 8 For eMTC, introduce allowedHARQ-mode for each logical channel, e.g. included in LogicalChannelConfig IE.
3 Conclusion
Based on the discussion we make the following observation:

Observation 3 Using UE-specific RRC signalling for enabling/disabling of HARQ feedback configuration has also been agreed in RAN1.
Observation 4 Introducing two HARQ mode would affect DRX and LCP procedure, but seems no impact on RAN1. 
And we give the following proposals:
Proposal 1 For eMTC and NB-IoT, configuration of enabling/disabling HARQ feedback is included in PDSCH-Config IE and NPDSCH-Config-NB IE, respectively.
Proposal 2 For eMTC and NB-IoT, configuration of UL HARQ mode is included in PUSCH-Config IE and NPUSCH-Config-NB IE, respectively.
Proposal 3 For a NB-IoT UE with a single HARQ process when the HARQ feedback is disabled, the UE does not start the corresponding HARQ RTT Timer.
Proposal 4 For a NB-IoT UE with a single HARQ process when the HARQ feedback is disabled, the UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception.

Proposal 5 For a NB-IoT UE with a single HARQ process in mode B, UE does not start the corresponding UL HARQ RTT Timer.
Proposal 6 For a NB-IoT UE with a single HARQ process in mode B, the UE starts drx-InactivityTimer in the subframe containing the last repetition of the corresponding PUSCH reception.
Proposal 7 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).
Proposal 8 For eMTC, introduce allowedHARQ-mode for each logical channel, e.g. included in LogicalChannelConfig IE.
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