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1	Introduction
In RAN2#120 [1], the following agreements on HARQ enhancements are achieved: 
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
This contribution will discuss the remaining issues on HARQ enhancements for IoT-NTN.
2 Discussion
2.1 HARQ operation
In last meeting, RAN1 has made the following agreement regarding HARQ feedback for eMTC:
	RAN1 Agreement
For a DL HARQ process with disabled HARQ feedback in eMTC, UE is not expected to receive another MPDCCH carrying a DCI scheduling a PDSCH for a given HARQ process or to receive another PDSCH without corresponding MPDCCH for the given HARQ process that starts at a BL/CE DL subframe until X=3 (ms) have passed after the end of the reception of the last PDSCH for that HARQ process.


For NB-IoT, the similar agreement has been achieved in RAN1#110bis and then RAN2 revised the agreements on starting/restarting drx-inactivity timer plus 12 subframes as follows:
	RAN1 Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH in a period of Y=12(ms) from the end of reception of the NPDSCH.
RAN2 Agreement
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.


According to current spec, drx-inactivity timer is specific for MAC entity. For eMTC, the additional 3ms not monitoring PDCCH is for the given HARQ process with disabled HARQ feedback. If there are multiple HARQ processes including HARQ process with disabled HARQ feedback and HARQ process with enabled HARQ feedback in the same MAC entity, the legacy behaviour should be followed. However, if there is only one HARQ process with disabled HARQ feedback for a MAC entity, the UE should start/restart drx-inactivity timer in the subframe containing the end of reception of the last PDSCH plus 3 subframes. 
Proposal 1. For the case where only one DL HARQ process with disabled HARQ feedback in a MAC entity of an eMTC UE, the UE will start/restart drx-inactivity timer in the subframe containing end of reception of the last PDSCH plus 3 subframes.
In RAN2#120 meeting, RAN2 discussed drx-inactivity timer for HARQ mode B and some companies proposed to add the processing time of drx-inactivity timer, such as plus UE-eNB RTT time or plus 3ms which is the gap between the NPUSCH transmission and NPDCCH monitoring as specified in TS 36.213 [2].
However, we understand that the additional processing time should be up to RAN1 decision, similarly to DL discussion. 
Proposal 2: The decision on the additional processing time for drx-inactivity timer for HARQ mode B can be left to RAN1, similarly to DL discussion.
2.2 Configuration of enabling/disabling HARQ feedback 
The signaling options for enabling/disabling HARQ feedback were discussed in RAN1, and RAN1 has made the following agreements/working assumption on this issue.
Working assumption in RAN1#112:
	Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 in case only per-HARQ process bitmap signaling is configured 
· Support Option 3 DCI direct indication of HARQ feedback enable/disable in case only DCI solution enabling/disabling signaling is configured
· Support Option 3 DCI indication to override Option 1 configuration for corresponding transmission in case both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· FFS#1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ feedback enabled and disabled processes or only applied to semi-statically HARQ feedback disabled processes or only applied to semi-statically HARQ feedback enabled processes.
· FFS#2: whether/how to support Option 3 overriding Option 1 configuration for corresponding transmission for multiple TBs scheduled by single DCI
· FFS#3：Option 3 DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration or DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission regardless of per-HARQ process RRC configuration.
RAN1 strives to have a common design (in terms of DCI design, PDCCH monitoring, etc.) for “Option 3” and “Option 3 + Option 1”.
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.
Agreement
For DCI-based overridden mechanism/indication in single TB scheduled by DCI, down select one of the following alternatives based on the criteria DCI overhead, PDCCH monitoring/power consumption, HARQ timer, impact on scheduling flexibility, UE implementation complexity
· Alternative 1: applies to both semi-statically HARQ enabled and disabled processes
· Alternative 2: only applied to semi-statically HARQ disabled processes
· Alternative 3: only applied to semi-statically HARQ enabled processes


Based on above working assumption/agreement, RAN1 supports to configure/indicate enabling/disabling of HARQ feedback for DL per HARQ process via RRC signaling or via DCI indication, and supports to override the RRC configuration via DCI indication. we think the same mechanism can be applied for downlink and uplink transmission. 
Proposal 3: The same mechanism can be applied to configure/indicate enabling/disabling of HARQ feedback for downlink and uplink transmission, i.e. support of the configuration via RRC signaling or DCI indication per HARQ process, and support of the DCI indication to override RRC configuration.
In addition, RAN1#111 has achieved the working assumption that the additional RRC signaling to enable option 3 (i.e. DCI indication) is needed, so it is necessary to introduce a new IE in RRC signaling to indicate whether option 3 is supported or not.
	Working assumption
For NB-IoT NTN and eMTC NTN for CE Mode B, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission:
· Support Option 1 by default, and support Option 3 to override default configuration for corresponding transmission
· Additional RRC signaling to enable Option 3
· If the bitmap for option 1 is not present and if option 3 is configured then the DCI directly indicates HARQ enable/disable. Option 3 can also be configured when the bitmap for option 1 is configured.
· FFS #1: Option 3 DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes or only applied to semi-statically HARQ disabled processes or only applied to semi-statically HARQ enabled processes.
· FFS #2: whether/how to support Option 3 overriding default configuration for corresponding transmission for multiple TBs scheduled by single DCI
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, take Option 1 for CE Mode A.


Proposal 4: Introduce a new IE in RRC signaling to configure whether to enable the DCI  to indicate HARQ enabling/disabling.
In NR NTN, a field downlinkHARQ-FeedbackDisabled in PDSCH-ServingCellConfig IE is used to disable the DL HARQ feedback per HARQ process ID, and a field UplinkHARQ-mode in PUSCH-ServingCellConfig IE is used to set the HARQ mode per HARQ process ID. For IoT-NTN, we can introduce the similar fields to disable the DL HARQ feedback or set the HARQ mode per HARQ process ID. 
For DL transmission, the configuration of enabling/disabling HARQ feedback can be included in PDSCH-Config IE and NPDSCH-Config-NB IE for eMTC and NB-IoT respectively. For UL transmission, the configuration of HARQ mode can be included in PUSCH-Config IE and NPUSCH-Config-NB IE for eMTC and NB-IoT respectively.
Proposal 5: The configuration of enabling/disabling HARQ feedback for DL transmission can be included in PDSCH-Config IE and NPDSCH-Config-NB IE for eMTC and NB-IoT respectively.
Proposal 6: The configuration of enabling/disabling HARQ feedback for UL transmission can be included in PUSCH-Config IE and NPUSCH-Config-NB IE for eMTC and NB-IoT respectively.
3	Conclusion
Here are the proposals for HARQ enhancements for IoT-NTN.
Proposal 1. For the case where only one DL HARQ process with disabled HARQ feedback in a MAC entity of an eMTC UE, the UE will start/restart drx-inactivity timer in the subframe containing end of reception of the last PDSCH plus 3 subframes.
Proposal 2: The decision on the additional processing time for drx-inactivity timer for HARQ mode B can be left to RAN1, similarly to DL discussion.
Proposal 3: The same mechanism can be applied to configure/indicate enabling/disabling of HARQ feedback for downlink and uplink transmission, i.e. support of the configuration via RRC signaling or DCI indication per HARQ process, and support of the DCI indication to override RRC configuration.
Proposal 4: Introduce a new IE in RRC signaling to configure whether to enable the DCI  to indicate HARQ enabling/disabling.
[bookmark: _GoBack]Proposal 5: The configuration of enabling/disabling HARQ feedback for DL transmission can be included in PDSCH-Config IE and NPDSCH-Config-NB IE for eMTC and NB-IoT respectively.
Proposal 6: The configuration of enabling/disabling HARQ feedback for UL transmission can be included in PUSCH-Config IE and NPUSCH-Config-NB IE for eMTC and NB-IoT respectively.
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