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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 
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 RAN2#119e meeting, the following agreement has been made in Rel-18 IoT NTN WI.

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

An open issue is whether disabling DL HARQ feedback and UL HARQ mode B could apply to all device types, especially for NB-IoT UEs configured with a single HARQ process, since typically throughput and end-to-end delay are not critical performance metrics for such UEs. In TN, HARQ stalling may be somewhat acceptable as the serving cell’s connection time can still be rather long for all data’s transmission. However in NTN especially in LEO scenarios where satellite is moving very fast and a single satellite’s connection time is short, a single satellite’s connection may not be long enough to complete all the data transmission if it is still done in a stop-and-wait way. Then we have to manage the mobility procedure. So far for NB-IoT UEs, handover is not supported and mobility in RRC_CONNETCTED can only be handled through RLF and RRC connection re-establishment. As a result, HARQ stalling issue in LEO scenarios may cause much more signalling overhead for RRC connection re-establishment, which is also not beneficial for NB-IoT UE’s power saving. With disabling HARQ feedback and UL HARQ mode B, packets can be transmitted more quickly since the HARQ process can be re-used without having to stop and wait, so that UE has more chance to complete data transmission within a few short RRC connections. Therefore, we think disabling HARQ feedback and UL HARQ mode B should apply to NB-IoT UEs configured with a single HARQ process.
Observation 1 In NTN especially in LEO scenarios, for NB-IoT UEs configured with a single HARQ process, a single satellite’s connection may not be long enough to complete all the data transmission if it is still done in a stop-and-wait way, which would cause much more signalling overhead for RRC connection re-establishment 
Observation 2 For NB-IoT UEs configured with a single HARQ process, with disabling HARQ feedback and UL HARQ mode B, packets can be transmitted more quickly since the HARQ process can be re-used without having to stop and wait, so that UE has more chance to complete data transmission within a few short RRC connections.
Proposal 1 Disabling HARQ feedback and UL HARQ mode A/B is supported for NB-IoT UEs configured with a single HARQ process.
Regarding the signaling aspects for disabling HARQ feedback, the following agreement was made in RAN2#119e meeting.
Agreements:

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).

The above FFS for CP solution of NB-IoT is mainly about whether to support signaling other than RRC (e.g. DCI or MAC CE) for changing enabling/disabling HARQ feedback as CP solution does not support RRC reconfiguration. In our understanding, we think the first issue to be discussed is that whether there is any need to change the enabling/disabling HARQ feedback within the RRC connection. Note that the current RAN1 spec only specifies the action timing of DL MAC CE when it is transmitted using a HARQ process configured with enabled HARQ feedback. If the HARQ feedback of the HARQ process has been disabled, how to transit the DL MAC CE needs to be discussed. On one hand, if existing RAN1 spec is not changed, NW has to enable the HARQ feedback before transmitting DL MAC CE, in which case, dynamic change of HARQ feedback status would be required for CP solution. On the other hand, if RAN1 can support DL MAC CE transmission on HARQ process with HARQ feedback disabled, there seems no need to change the HARQ feedback status anymore. Therefore, we think RAN2 should first check with RAN1 whether to support the DL MAC CE transmission on HARQ process with HARQ feedback disabled and RAN2 can further  discuss the need of any dynamic signaling based on RAN1’s feedback.
Observation 3 The current RAN1 spec only specifies the action timing of DL MAC CE when it is transmitted using a HARQ process configured with enabled HARQ feedback
Observation 4 If existing RAN1 spec is not changed, for a NB-IoT UE configured with a single HARQ process, NW has to enable the HARQ feedback before transmitting DL MAC CE, in which case, dynamic change of HARQ feedback status would be required for CP solution.
Observation 5 If RAN1 can support DL MAC CE transmission on HARQ process with HARQ feedback disabled, there seems no need to change the HARQ feedback status.
Proposal 2 Send a LS to RAN1 asking whether RAN1 intends to support transmitting DL MAC CE on PDSCH using a HARQ process configured with disabled HARQ feedback in Rel-18 IoT NTN. 

Proposal 3 RAN2 postpone the discussion on signalling options for disabling HARQ feedback until receiving RAN1’s response.
In Rel-17 NR NTN, for a DL HARQ process configured with disabled HARQ feedback or for a UL HARQ process configured with HARQ mode B, DRX procedure is adapted. More specifically, for a DL HARQ process configured with disabled HARQ feedback or for a UL HARQ process configured with HARQ mode B, UE shall not start the corresponding drx-HARQ-RTT-TimerDL/UL after UL transmission, and accordingly the corresponding drx-RetransmissionTimerDL/UL would not be started either. For IoT NTN, DRX adaption can be studied, using Rel-17 NR NTN as baseline.
Proposal 4 RAN2 studies impact of disable HARQ feedback and HARQ mode B on DRX for IoT NTN, using Rel-17 NR NTN solution as baseline.
For UL, how to multiplex logical channels on PUSCH, i.e. LCP, is implemented at UE side. Considering different logical channel may have different QoS requirement, e.g. some logical channels are sensitive to delay, while some others require high reliability. In order to satisfy QoS requirement for different UL logical channel, in Rel-17 NR NTN, network could further configure the allowed HARQ mode on a logical channel basis. In this way, UL logical channel with different QoS requirement can be mapped to HARQ processes with different attribute. However, in LTE, LCP resriction is not supported. Addtionally, since most services for NB-IoT and eMTC are delay-tolerant, we see no strong motivation to introduce the such LCP restriction for IoT NTN.
Proposal 5 Don’t consider impact of HARQ mode A/B on LCP for IoT NTN.

3 Conclusion
Based on the discussion we make the following observation:

Observation 6 In NTN especially in LEO scenarios, for NB-IoT UEs configured with a single HARQ process, a single satellite’s connection may not be long enough to complete all the data transmission if it is still done in a stop-and-wait way, which would cause much more signalling overhead for RRC connection re-establishment 
Observation 7 For NB-IoT UEs configured with a single HARQ process, with disabling HARQ feedback and UL HARQ mode B, packets can be transmitted more quickly since the HARQ process can be re-used without having to stop and wait, so that UE has more chance to complete data transmission within a few short RRC connections.
Observation 8 The current RAN1 spec only specifies the action timing of DL MAC CE when it is transmitted using a HARQ process configured with enabled HARQ feedback

Observation 9 If existing RAN1 spec is not changed, for a NB-IoT UE configured with a single HARQ process, NW has to enable the HARQ feedback before transmitting DL MAC CE, in which case, dynamic change of HARQ feedback status would be required for CP solution.
Observation 10 If RAN1 can support DL MAC CE transmission on HARQ process with HARQ feedback disabled, there seems no need to change the HARQ feedback status.
And we give the following proposals:
Proposal 1 Disabling HARQ feedback and UL HARQ mode A/B is supported for NB-IoT UEs configured with a single HARQ process.
Proposal 2 Send a LS to RAN1 asking whether RAN1 intends to support transmitting DL MAC CE on PDSCH using a HARQ process configured with disabled HARQ feedback in Rel-18 IoT NTN. 

Proposal 3 RAN2 postpone the discussion on signalling options for disabling HARQ feedback until receiving RAN1’s response.
Proposal 4 RAN2 studies impact of disable HARQ feedback and HARQ mode B on DRX for IoT NTN, using Rel-17 NR NTN solution as baseline.
Proposal 5 Don’t consider impact of HARQ mode A/B on LCP for IoT NTN.
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