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1 Introduction

In last RAN2 meetings, HARQ enhancement for IoT NTN was discussed. In this contribution, we further discuss open issues on HARQ enhancement for IoT NTN and provide our views.
2 Discussion 
In Rel-16, the feature of PUR was introduced for both NB-IoT and eMTC, which allows a UE in RRC IDLE to send UL transmission using preconfigured uplink resources without performing random access procedures. This feature can be enabled by providing preconfigured uplink resources for a UE when network releases the UE to RRC IDLE. After transmission using PUR and each retransmission, UE shall monitor PDCCH in the PUR response window using timer pur-ResponseWindowTimer, which is started at the subframe that contains the end of the corresponding PUSCH transmission plus 4 subframes. UE stops pur-ResponseWindowTimer if L1 ACK for transmission using PUR is received, or if PDCCH is addressed to the PUR-RNTI and the MAC PDU is successfully decoded, or if fallback indication for PUR is received. If pur-ResponseWindowTimer expires, UE considers transmission using PUR as failed. In Rel-17 IoT NTN, the feature of PUR has been enhanced by delay the start of pur-ResponseWindowTimer by UE-eNB RTT. In addition, expiry of ra-ContentionResolutionTimer shall not lead to the failure of transmission using PUR if UL grant for a retransmission was received after the start of pur-ResponseWindowTimer. 
Based on the current spec, it can be observed that the first retransmission after the transmission using PUR is not expected before a period of UE-eNB RTT has passed since PUSCH transmission, and the subsequent retransmission can be expected within the period of UE-eNB RTT if pur-ResponseWindowTimer is running or after the period of UE-eNB RTT has passed since PUSCH transmission. Therefore, at least for the transmission using PUR, it is more like HARQ mode A. In RAN2#121bis e-meeting, RAN2 discussed whether UL transmission using PUR can be configured with HARQ mode B but had no conclusion. We understand the main intention of using HARQ mode B is to support blind retransmissions before network decodes the PUSCH. For transmission using PUR, since it is not scheduled via PDCCH by the network, network may not know exactly which PUR occasion the UE is using before receiving the transmission, therefore, it would be difficult for network to decide when to blindly schedule the retransmission. So in our view, it seems that HARQ mode B is not appropriate for transmission using PUR.
Observation 1 It would be difficult for network to blindly schedule the first retransmission for transmission using PUR since network may not know exactly which PUR occasion the UE is using before receiving the transmission.
Proposal 1 For IoT NTN, it is up to eNB’s implementation to ensure that HARQ mode A is configured for UL transmission using PUR.
HARQ-ACK feedback for UL data was introduced for eMTC in Rel-15, which allows network to carry a positive HARQ-ACK via MPDCCH to indicate to a UE that UL data has been successfully received and this may enable early termination of PUSCH transmission or early termination of MPDCCH monitoring. In order to support early termination of PUSCH transmission, UE is in DRX Active Time if repetitions within a bundle are being transmitted, while in order to support early termination of MPDCCH monitoring, UE starts the drx-ULRetransmissionTimer for the corresponding HARQ process in the subframe containing the last repetition of the corresponding PUSCH transmission if an UL HARQ-ACK feedback has not been received on MPDCCH until the last repetition of the corresponding PUSCH transmission. In Rel-17 IoT NTN, in order to accommodate the much larger propagation delay compared to TN, the start of DRX Active Time is delayed by UE-eNB RTT after the first repetition within the bundle if the feature of HARQ-ACK feedback for UL data (i.e. mpdcch-UL-HARQ-ACK-FeedbackConfig) is configured. 
In Rel-18 IoT NTN, with the introduction of HARQ mode A/B for UL HARQ operation, we should discuss that for eMTC NTN, whether it can be left to eNB’s implementation to configure either HARQ mode A or HARQ mode B for all HARQ process (or no HARQ mode) if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured. Based on the discussion is RAN2#121bis e-meeting, all companies thinks there would be no issue to configure mpdcch-UL-HARQ-ACK-FeedbackConfig and HARQ mode A at the same time, and for this case we can simply follow the current spec. So the main point is whether to allow network to configure HARQ mode B for HARQ process(es) if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured. Before we make conclusion on this, we should firstly discuss how this feature works to support HARQ mode B.
For a HARQ process configured with HARQ mode B, to support early termination of PUSCH transmission, there may be the following options:
· Option 1: the start of DRX Active Time is delayed by UE-eNB RTT after the first repetition within the bundle, i.e. work in the same manner as HARQ mode A
· Option 2: the start of DRX Active Time is not delayed, i.e. work in the same manner as legacy TN
In our understanding, HARQ feedback for PUSCH should be always based on the decoding results, otherwise, it seems more reasonable for network to directly schedule a PUSCH transmission with a smaller repetition number. Thus, we think the start of DRX Active Time should be delayed by UE-eNB RTT, regardless HARQ mode configuration.

Observation 2 To support early termination of PUSCH transmission, the start of DRX Active Time should be delayed by UE-eNB RTT, regardless HARQ mode configuration.
It has been agreed that for a HARQ process configure with HARQ mode B, the corresponding drx-ULRetransmissionTimer is not started. In the case mpdcch-UL-HARQ-ACK-FeedbackConfig is configured, we should follow this principle. With this, PDCCH monitoring can rely on other DRX timers, e.g. if drx-ULRetransmissionTimer for other UL HARQ processes is running. Otherwise, if UE is not in DRX Active Time, there is no need for early termination of MPDCCH monitoring. 
Observation 3 For a HARQ process configure with HARQ mode B, if the corresponding drx-ULRetransmissionTimer is not started after PUSCH transmission, PDCCH monitoring can rely on other DRX timers, e.g. if drx-ULRetransmissionTimer for other UL HARQ processes is running. Otherwise, if UE is not in DRX Active Time, there is no need for early termination of MPDCCH monitoring. 
Based on above analysis, we think there is no issue to allow network to configure mpdcch-UL-HARQ-ACK-FeedbackConfig and HARQ mode B at the same time.
Proposal 2 For eMTC NTN, it can be left to eNB’s implementation to configure either HARQ mode A or HARQ mode B for all HARQ process (or no HARQ mode) if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.
Proposal 3 In the case mpdcch-UL-HARQ-ACK-FeedbackConfig is configured, for a HARQ process configure with HARQ mode B, the corresponding drx-ULRetransmissionTimer is not started after PUSCH transmission if an UL HARQ-ACK feedback has not been received on MPDCCH until the last repetition of the corresponding PUSCH transmission.
3 Conclusion
Based on the discussion we make the following observation:

Observation 1 It would be difficult for network to blindly schedule the first retransmission for transmission using PUR since network may not know exactly which PUR occasion the UE is using before receiving the transmission.
Observation 2 To support early termination of PUSCH transmission, the start of DRX Active Time should be delayed by UE-eNB RTT, regardless HARQ mode configuration.
Observation 3 For a HARQ process configure with HARQ mode B, if the corresponding drx-ULRetransmissionTimer is not started after PUSCH transmission, PDCCH monitoring can rely on other DRX timers, e.g. if drx-ULRetransmissionTimer for other UL HARQ processes is running. Otherwise, if UE is not in DRX Active Time, there is no need for early termination of MPDCCH monitoring. 
And we give the following proposals:
Proposal 1 For IoT NTN, it is up to eNB’s implementation to ensure that HARQ mode A is configured for UL transmission using PUR.
Proposal 2 For eMTC NTN, it can be left to eNB’s implementation to configure either HARQ mode A or HARQ mode B for all HARQ process (or no HARQ mode) if mpdcch-UL-HARQ-ACK-FeedbackConfig is configured.
Proposal 3 In the case mpdcch-UL-HARQ-ACK-FeedbackConfig is configured, for a HARQ process configure with HARQ mode B, the corresponding drx-ULRetransmissionTimer is not started after PUSCH transmission if an UL HARQ-ACK feedback has not been received on MPDCCH until the last repetition of the corresponding PUSCH transmission.
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