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Introduction
In RAN1#109e meeting, the following agreements were made on the HARQ operation for IoT NTN [1]:
Agreement
For IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
· Other options or combinations are not excluded
Note: Option(s) for eMTC and NBIoT can be separately discussed.

Agreement
For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission
· Issue A: SPS PDSCH
· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
· Issue C: HARQ feedback for scheduling multiple TB
· Issue D: HARQ bundling for eMTC HD-FDD
· Issue F: NPRACH capacity
· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded
Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.

In this contribution, we present the discussion on the HARQ disabling operation in IoT NTN scenario.
Discussion
Necessity to support HARQ disabling

HARQ disabling for NR-NTN is supported in Rel-17, while for IoT NTN, this is discussed in Rel-17 however not introduced. It is argued that the HARQ disabling can bring the following advantages:
-	UE power saving
-	Throughput increase without increasing UE complexity
-	Improved resource utilization
However, support of HARQ disabling can have the negative impact on the reliability which in turn can possibly increase the UE’s power consumption due to enhanced transmission schemes such as increased repetition number. In our understanding, the main benefit to support HARQ disabling is to resolve the HARQ stalling issue due to the limited HARQ process available at the UE side. The UE can continue the transmission with the supported HARQ process without waiting for the HARQ feedback, and thus, the UE’s experienced data rate can be improved.
Observation 1: The main benefit to support HARQ disabling is to resolve the HARQ stalling issue.

The HARQ stalling issue is mainly due to the large transmission delay in NTN scenario as illustrated in the table below:
Table 1: RTT in different scenarios
	Constellation
	RTT (ms)

	GEO
	541.46

	LEO-600km
	25.77

	LEO-1200km
	41.77



Taken the NB-IoT as an example to analyze the HARQ stalling issue. The time used to deliver the data and corresponding HARQ information can be determined as:
· NPUSCH : , where  is the number of scheduled TB,   is the repetition number,  is the RU number scheduled for transport block,  is the number of slots in each RU;
· NPDSCH : , where  is the number of scheduled TB,  is the repetition number,  is the number of slots scheduled for transport block; 
The maximum time used can be up to 8*10*128=10240 ms for a NPUSCH transmission while can be up to 2048*10=20480 ms for a NPDSCH transmission respectively.

For a NB-IoT device configured with a single HARQ process, the HARQ stalling issue happens as illustrated in the figure below. After the reception of a DL transmission, the UE needs to hold its DL reception until a new DL grant is received.
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Figure 1: HARQ stalling issue for NB-IoT UE configured with one HARQ process
Observation 2: HARQ stalling issue happens when the IoT UEs are configured with only one HARQ process.

The performance gain for the NB-IoT UE configured with one HARQ process with HARQ disabling is illustrated in table 2 below:
Table 2: Performance gain for the NB-IoT UE configured with one HARQ process with HARQ disabling
	Constellation
	Repetition number for NPDCCH
	Repetition number for NPDSCH
	Repetition number for NPUSCH
	Performance gain with HARQ disabling

	GEO
	128
	64
	64
	37.2%

	LEO1200
	32
	16
	16
	14.9%

	LEO600
	16
	8
	8
	17.1%




For a NB-IoT device configured with more than one HARQ process, the HARQ stalling issue may not happen as illustrated in the figure below as the RTT can be filled by the NPDSCH with the other one HARQ process. The performance gain may be marginal which comes from the absence of the transmission of the HARQ information.
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Figure 2: No HARQ stalling issue for NB-IoT configured with more than one HARQ process
Observation 3: No HARQ stalling issue happens when the IoT UEs are configured with more than one HARQ process.

Based on the analysis, the HARQ disabling can be supported for at least for the UE that is only configured/capable of single HARQ process.
Proposal 1: The HARQ disabling can be supported for at least for the IoT UE that is only configured/capable of single HARQ process.

Design aspects of supporting HARQ disabling
Indication of HARQ disabling
It was agreed that for IoT NTN, to configure/indicate enabling/disabling on HARQ feedback for downlink transmission, one or more of the following options can be considered:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 2: per HARQ process via SIB signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 5: per HARQ process via MAC CE
In Rel-17 NR NTN design, the HARQ disabling is configured by RRC signalling. For the transmission of the important information, the HARQ enabled process can be used. However, for the IoT device that is configured/capable of only one HARQ process, the semi-static configuration may not be flexible to guarantee the reception reliability of the important information. Thus dynamic HARQ disabling can be supported. Meanwhile, in order to avoid any limitation on the scheduling, the explicit indication in the DCI is preferred.
Proposal 2: Dynamic HARQ disabling can be supported at least for the IoT UE configured/capable of one HARQ process.

SPS PDSCH
In NR NTN design, the HARQ information is always reported by the UE for the first SPS PDSCH regardless of whether the associate HARQ process is enabled or not if HARQ feedback for SPS activation is additionally enabled. Then for other SPS PDSCH, whether the HARQ information is reported or not is dependent on HARQ disabling configuration. Meanwhile, for the DCI indicating SPS release, HARQ information is always reported either. In IoT NTN, the same design can be reused. We don’t see any further enhancement is needed.
Proposal 3: The HARQ design for SPS PDSCH in NR NTN can be reused in IoT NTN.

HARQ feedback for scheduling multiple TB
For a NB-IoT UE that supports twoHARQ-Processes-r14 or the UE is configured with higher layer parameter npdsch-MultiTB-Config, there shall be a maximum of 2 downlink HARQ processes. If the UE is configured with higher layer parameter npdsch-MultiTB-Config and multiple TB are scheduled in the corresponding DCI, the HARQ process ID of 0 is for the first TB and HARQ process ID of 1 shall be assumed for the second TB [2]. It is possible that the HARQ process 0 is a HARQ enabled process, while the HARQ process 1 is a HARQ disabled process. Then how the UE should generate the HARQ information should be defined. A straightforward solution is that UE only report the HARQ information for the HARQ enabled process.
Proposal 4: UE only report the HARQ information for the HARQ enabled process in multi-TB scheduling scenario with different HARQ processes for NB-IoT.


Conclusions
In this contribution, we discuss the necessity and design aspect related to HARQ disabling. We have the following observations and proposals based on our analysis:
Observation 1: The main benefit to support HARQ disabling is to resolve the HARQ stalling issue.
Observation 2: HARQ stalling issue happens when the IoT UEs are configured with only one HARQ process.
Observation 3: No HARQ stalling issue when the IoT UEs are configured with more than one HARQ process.

Proposal 1: The HARQ disabling can be supported for at least for the IoT UE that is only configured/capable of single HARQ process.
Proposal 2: Dynamic HARQ disabling can be supported at least for the IoT UE configured/capable of one HARQ process.
Proposal 3: The HARQ design for SPS PDSCH in NR NTN can be reused in IoT NTN.
Proposal 4: UE only report the HARQ information for the HARQ enabled process in multi-TB scheduling scenario with different HARQ processes for NB-IoT.
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