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1. [bookmark: _Ref35586532]Introduction
For HARQ enhancements, some agreements have been achieved in previous RAN1 and RAN2 meetings. In this contribution, we give some discussion on HARQ enhancements. And some proposals are provided.
Discussion
Clarification on the HARQ feedback enabling/disabling of NB-IoT NTN UE
For the HARQ enabling/disabling of NB-IoT NTN UE, there is agreement in RAN2#119 meeting:
	· Disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN. FFS on UE capability


After tracking the background of this agreement, it means that, disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN UE, regardless the configured HARQ progress number is one or larger than one.  
There is the following agreement in RAN2#119bis meeting
	· Disabling HARQ feedback is supported for NB-IoT with single HARQ process, and it is up to eNB implementation whether to disable the HARQ feedback


It may result in some confusion that, disabling HARQ feedback is only supported for NB-IoT UE with single HARQ process. We suggest giving some clarification on this issue.
Proposal 1: RAN2 confirms that disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN, regardless the number of configured HARQ process. 
Furthermore, RAN1 has the following agreement in RAN1#110bist meeting:
	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.


Which means that, if the NB-IoT UE has received a NPDSCH for a DL HARQ process with disabled HARQ feedback, the UE is not required to monitor NPDDCH in a period of Y=12(ms) from the end of reception of the NPDSCH, no matter whether the NB-IoT UE is configured with one or two HARQ process, and no matter whether the HARQ feedback of the other HARQ process (if configured) is enabled or disabled.
However, the RAN2 agreement in RAN2#120 meeting based on the RAN1 agreement above is:
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 (can still check whether the alternative to set the HARQ RTT timer to 0 also works)
In which “single HARQ process” is included. Then, RAN2 need further agreement for the NB-IoT NTN with two HARQ processes. 
According to the RAN1 agreement above:
If the NB-IoT NTN UE is configured with two HARQ processes, the HARQ feedback of which are all disabled:
· After the UE receiving a PDSCH of any of HARQ process, the UE should stop the drx-inactivity timer if running, and start/restart drx-inactivity timer in the subframe containing the corresponding PDSCH reception plus 12 subframes.
If the NB-IoT NTN UE is configured with two HARQ processes, and the HARQ feedback of one of them is disabled:
· After the UE receiving a PDSCH of the HARQ process with HARQ feedback disabled, the UE should stop the drx-inactivity timer if running, and start/restart drx-inactivity timer in the subframe containing the corresponding PDSCH reception plus 12 subframes
· After the UE receiving a PDSCH of the HARQ process with HARQ feedback enabled, the UE should stop the drx-inactivity timer if running, and start the HARQ RTT Timer for the corresponding HARQ process. 
The reason that UE stops the drx-inactivity timer if running is to avoid UE PDCCH monitoring. 
So we give the following proposal:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: For NB-IoT NTN with two HARQ processes, the HARQ feedback of at least one the two HARQ processes is disabled, the UE should stop the drx-inactivity timer if running after the UE receiving a PDSCH and start/restart drx-inactivity timer:
· in the subframe containing the corresponding PDSCH reception plus 12 subframes for the HARQ process with HARQ feedback disabled;
· when HARQ RTT Timer expires for the HARQ process with HARQ feedback enabled.
DRX inactivity timer start/restart
It was agreed in RAN2# 120 meeting that:
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.
1. 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
For the red part, companies thought the UE should start/restart DRX inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission plus an offset, for example, the offset can be the processing time for NB-IoT NTN with single HARQ process in HARQ mode B. 
In RAN1 spec TS.36.213, UE behaviour of PDCCH monitoring after PUSCH transmission is specified as below.
	If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [1]for FDD ; and
-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3;

else if the UE is not using higher layer parameter edt-Parameters or if the UE is using higher layer parameter edt-Parameters and  
-	if the NB-IoT UE has a NPUSCH transmission ending in subframe n , the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n+1 to subframe n+Kmac+3. 
otherwise,


-	If the NB-IoT UE has a NPUSCH transmission for Msg3 ending in subframe with transport block size , whereas if would have been selected the NPUSCH transmission would have ended in subframe n, the UE is not required to monitor NPDCCH in any subframe starting from subframe n'+1 to subframe n+3 or in a NTN serving cell, in any downlink subframe that overlaps with uplink subframe n'+1 to subframe n+Kmac+3. 


Although the HARQ process has no feedback for HARQ mode B of the uplink, according to the RAN1 specification, a gap of 3 subframes or Kmac+3 (in NTN) after PUSCH transmission is defined for the same HARQ process as the NPUSCH transmission, during which the UE does not need to monitor the PDCCH. 
Therefore, for the inactivity timer, maybe these 3ms or Kmac+3 (in NTN) can be considered. Then  for a NB-IoT UE configured with a single HARQ process, the inactivity timer of HARQ mode B may need to introduce 3 subframes or Kmac+3 (in NTN) of processing time. However, if the UE is configured with two HARQ processes, the network may schedule a UL transmission of HARQ process A, after the UE transmitting NPUSCH of HARQ process B. In this case, the UE need to start inactivity timer immediately, after the UE transmitting NPUSCH of any HARQ process.
However, as the case of downlink, we think maybe RAN1 should give some discussion on this issue firstly, and RAN2 can just wait for the input of RAN1.
Proposal 3: For the processing time for inactivity timer of HARQ mode B, RAN2 wait for the input of RAN1.
The receiving subframe of the eMTC UE 
It was agreed in RAN1# 112 meeting that:
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. 
According to the agreement, for a DL HARQ process with disabled HARQ feedback in eMTC, 3ms processing time is required, before receiving another MPDCCH carrying a DCI or another PDSCH without corresponding MPDCCH, after the end of the reception of the last PDSCH for that HARQ process. However, the eMTC UE configured with more than one HARQ process, no gap is needed, because the UE can receive another MPDCCH carrying a DCI or another PDSCH without corresponding MPDCCH, for any other HARQ process, the HARQ feedback of which can be enabled or disabled. 
Proposal 4: For eMTC 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 3 subframes.

HARQ disabling impacts on multiple TB scheduling
Based on the current spec [2], the length of HARQ RTT timer for eMTC when multiple TBs are scheduled by PDCCH is defined as following:
	For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is not configured, the HARQ RTT Timer corresponds to 7 + m * N subframes plus DLoffset, where N is the used PUCCH repetition factor and m is the number of scheduled TBs as indicated in PDCCH, where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for m * N.
For BL UEs and UEs in enhanced coverage, when multiple TBs are scheduled by PDCCH and HARQ-ACK bundling is configured the HARQ RTT Timer corresponds to 7 + M * N subframes plus DLoffset, where N is the used PUCCH repetition factor and M is the number of TB bundles as specified in clause 7.3 of TS 36.213 [3], where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for M * N.


As highlighted in yellow, it can be seen that the number of scheduled TBs indicated in PDCCH is taken into account for the HARQ RTT Timer determination. If the HARQ feedback is disabled for the HARQ processes of some of the TBs, maybe the length of HARQ RTT can be reduced. But PUCCH design for this case has been discussed in RAN1 without agreements yet [3], for example, which HARQ codebook will be used. So, we think we can wait more progress from RAN1 to make further decision. 
Proposal 5: Postpone the discussion for enhancements for the case for a multi-TB block until RAN1 has made decision on the solutions for transmitting HARQ feedback for this case. 

Configure/indicate enabling/disabling of HARQ feedback via DCI
RAN1 has the following working assumption in last meeting [4]:
	Agreement
Confirm the following working assumption with the following update:
[bookmark: _Hlk128662819]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
· 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
· 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 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 default 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/direct indication, down select one of the following based on the criteria DCI overhead, PDCCH monitoring behavior, impact on scheduling flexibility, UE implementation complexity, etc
· Option 1: Indication by adding one field in DCI
· Option 2: Indication by reusing/reinterpreting existing field in DCI




Based on the discussion in RAN1, the option 3 is: 
Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field). 
So RRC signaling can be used to configure/indicate whether Option 3 will be used to configure the HARQ feedback state. The issue is whether the RRC configuration is per UE or per HARQ process: 
· Per UE: if RRC signaling configures Option 3 will be used to configure the HARQ feedback state, the HARQ feedback state of all the HARQ process of the UE can be configured by DCI. 
· Per HARQ process: if RRC signaling configures Option 3 will be used to configure the HARQ feedback state of a specific HARQ process, only the HARQ feedback state of the specific HARQ process of the UE can be configured by DCI
The main difference of the two options is the signaling overhead and the flexibility. E.g. the second option may need more information bits, but with more flexibility. Furthermore, for the DCI design, two options are discussed in RAN1, if Option 1(Indication by adding one field in DCI) is used, the option of Per HARQ process option is beneficial to reduce the DCI overhead. For example, for a HARQ process, the HARQ sate of which can’t be configured by Option 3, based on RRC signaling, the scheduling DCI will not include the new bit. 
Proposal 6: RAN2 to discuss the following granularity options for RRC signaling enabling Option 3 based on RAN1 further input of DCI design: 
· Per UE
· Per HARQ progress
Agreements made for HARQ disabling/enabling in Rel-17 NR NTN
In Rel-17 NR NTN, disabling HARQ feedback has been discussed deeply, and lots of agreements have been achieved. To avoid the repetitive discussion on the similar topic, we suggest the agreements achieved in Rel-17 NR NTN are supported by default, with identifying the ones that are not applicable to IoT NTN, based on contribution or email discussion. 
Here are some examples that can be reused:
RAN2 confirms that in NTN if the UE is in DRX Active Time for any reason, the UE should monitor the PDCCH regardless of whether drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL is running or not. No specification change is needed.

RAN2 understanding is that UE behaviour in HARQ state A (i.e. extending the drx-HARQ-RTT-TimerUL by UE-gNB RTT) best supports reception of UL retransmission grant based on UL decoding result. (No RAN2 specification impact)
When the UE is in HARQ state A, it means that HARQ is enabled for the UE. So the UE in HARQ state A supports reception of UL retransmission grant. In Rel-17 IoT NTN, the drx-HARQ-RTT-TimerUL is extended by UE-gNB RTT. This will not change in Rel-18 IoT NTN.
Therefore, in Rel-18 IoT NTN, UE behaviour in HARQ state A (i.e. extending the drx-HARQ-RTT-TimerUL by UE-gNB RTT) best supports reception of UL retransmission grant based on UL decoding result. 
Proposal 7： The following agreements related with HARQ disabling in Rel-17 NR NTN are applicable to Rel-18 IoT NTN:
· RAN2 confirms that in NTN if the UE is in DRX Active Time for any reason, the UE should monitor the PDCCH regardless of whether drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL is running or not. No specification change is needed.
· RAN2 understanding is that UE behaviour in HARQ state A (i.e. extending the drx-HARQ-RTT-TimerUL by UE-gNB RTT) best supports reception of UL retransmission grant based on UL decoding result. (No RAN2 specification impact)

Conclusion
In this contribution, we give some discussion the HARQ aspects in IoT NTN, the following proposal and optional solutions are given:
Proposal 1: RAN2 confirm that disabling DL HARQ feedback is supported for NB-IoT and eMTC NTN, regardless the number of configured HARQ process.
Proposal 2: For NB-IoT NTN with two HARQ processes, the HARQ feedback of at least one the two HARQ processes is disabled, the UE should stop the drx-inactivity timer if running after the UE receiving a PDSCH and start/restart drx-inactivity timer:
· in the subframe containing the corresponding PDSCH reception plus 12 subframes for the HARQ process with HARQ feedback disabled;
· when HARQ RTT Timer expires for the HARQ process with HARQ feedback enabled.
Proposal 3: For NB-IOT NTN UEs configured with single HARQ process and HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last transmission of the corresponding NPUSCH reception plus Kmac+3 subframes.
Proposal 4: For eMTC 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 3 subframes.
Proposal 5: Postpone the discussion for enhancements for the case for a multi-TB block until RAN1 has made decision on the solutions for transmitting HARQ feedback for this case.
Proposal 6: RAN2 to discuss the following granularity options for RRC signaling enabling Option 3 based on RAN1 further input of DCI design: 
· Per UE
· Per HARQ progress
Proposal 7： The following agreements related with HARQ disabling in Rel-17 NR NTN are applicable to Rel-18 IoT NTN:
· RAN2 confirms that in NTN if the UE is in DRX Active Time for any reason, the UE should monitor the PDCCH regardless of whether drx-HARQ-RTT-TimerUL or drx-HARQ-RTT-TimerDL is running or not. No specification change is needed.
· RAN2 understanding is that UE behaviour in HARQ state A (i.e. extending the drx-HARQ-RTT-TimerUL by UE-gNB RTT) best supports reception of UL retransmission grant based on UL decoding result. (No RAN2 specification impact)
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