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1. Introduction 
Following agreements were made regarding the HARQ process in RAN2#120 meeting.

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

3. 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)

4. For eMTC, introduce allowedHARQ-mode for each logical channel, e.g. included in LogicalChannelConfig IE.

5. An optional UE capability is introduced to indicate whether the UE supports disabling HARQ feedback for downlink transmission.

6. 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
In this document, we provide the details on the impact of different HARQ process modes.
2. Discussion 

HARQ operation

In RAN2#120 meeting, following agreement was made.
· 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 single UL HARQ process, the NB-IoT UE finishes the transmission of the PUSCH, it will take at least one RTT to receive any response from the gNB. A UE-eNB RTT gap before the UE is required to monitor the PDCCH could be added, however, this is not necessary for HARQ mode B as long as there is sufficient gap for UE to switch to PDCCH monitoring. 
For TN, this gap between PUSCH and NPDCCH is 3 + deltaPDCCH subframes. Therefore, we propose to have same gap length between PUSCH and PDCCH in UL HARQ mode B.

Proposal 1 For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 4 + deltaPDCCH subframes.
Ambiguity in PUSCH subframe

In case of starting HARQ RTT timer, there is no ambiguity between UE and network as the timer is extended by UE-eNB RTT which includes UE’s TA. However, in case of starting DRX inactivity timer from the subframe containing the last repetition of the corresponding PUSCH transmission, the UE and network may not be synchronized.

As the network may not know exact UE’s TA, it will not know the exact subframe where UE performs UL transmission. If UE’s TA is less than scheduling Koffset, then UE will be starting DRX inactivity timer later than eNB expected because (Koffset – UE’s TA) is the ambiguity period.

We think the network implementation can resolve the issue by not scheduling the NPDCCH back-to-back during the ambiguity period (i.e., Koffset – UE’s TA).

Proposal 2 network implementation resolves the issue of ambiguity on start of DRX inactivity timer after the PUSCH transmission by not scheduling the NPDCCH back-to-back during the ambiguity period (i.e., Koffset – UE’s TA).

HARQ mode configuration

We have two options for enabling/disabling HARQ feedback. 
option#1: per HARQ process via UE specific RRC signaling and 
option#3: explicitly indicated by DCI (e.g., new field or reusing existing field). 

RAN1 has also made following agreements in RAN1#111 meeting:

	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.


Since RAN1 will still be finalizing the details on the combination of option 1 and option 2 and RAN2 can wait to see how this can impact the RAN2 specification, specially the HARQ RTT timer and DRX inactivity timer.

However, RAN2 has agreed to support HARQ mode A and B for UL HARQ process but RAN1 has not yet discussed the solution on DCI-based dynamically switching the HARQ mode. Due to complexity of using two solutions i.e., RRC-based and DCI-based HARQ mode switching, we think UL HARQ mode configuration can be made simple, i.e., consider option 1 for UL HARQ process. For single HARQ process, it is either in HARQ mode A or HARQ mode B. Same argument applies to eMTC CE mode B as only two HARQ processes are supported in CE mode B.
Proposal 3 The configuration for UL HARQ mode is kept simple with only option 1, i.e., per HARQ process via UE specific RRC signaling.

In NR NTN, the default behavior, i.e., when neither option 1 or option 3 is configured such as during initial access, the UE uses the legacy values of HARQ RTT timers with extension. There is some speculation whether same should be done for Rel-18 IoT NTN. However, in case of IoT NTN, the Rel-17 behavior is that UEs without configuration of option 1 and option 3, the HARQ RTT timer is used with extended values in NTN. Therefore, this behavior should be kept as default behavior when no option 1 or option 3 is configured to UE.

Proposal 4 When UE is not configured with option 1 and option 3, Rel-17 IoT NTN default behavior is not changed, i.e., use HARQ RTT timer extended with RTToffset> 0 or DLoffset > 0.
Impact of HARQ feedback mode on multiple TB scheduling
In multiple TBs scheduling for both eMTC and NB-IoT, a single PDCCH can schedule multiple transport blocks each belonging to a different HARQ process. This could mean that each transport block can belong to different HARQ feedback mode which can create the hole in HARQ feedback transmission and deterioration of data rate as the HARQ RTT timer length takes into account the number of repetitions of HARQ feedbacks for all scheduled TBs regardless of their HARQ mode as shown in Figure 1 below. 
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As per TS 36.321, following is the definition of HARQ RTT timer for eMTC.

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 + RTToffset, 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 + RTToffset, 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 [2], where only valid (configured) UL subframes as configured by upper layers in fdd-UplinkSubframeBitmapBR are counted for M * N.

Same problem happens even if the start of DL HARQ RTT timer is moved to HARQ feedback transmission for eMTC. One quick fix is to clarify that the number of TBs i.e., “m” or “M” is the number of TBs for which HARQ feedback is enabled. The other simple solution is that network makes sure the scheduled TBs either all belongs to HARQ feedback enabled process or HARQ feedback disabled process, however, the HARQ process IDs have to be assigned in sequence. This may also have RAN1 specification impact to handle the issue of HARQ feedback timeline and RAN1 feedback may be needed.
Proposal 5 RAN2 discuss how to address the issue of HARQ processes for the multiple TBs scheduled by the same PDCCH.
3. Conclusion

Following proposals are made:
Proposal 1
For NB-IoT NTN with single HARQ process in HARQ mode B, the UE will start/restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission plus 4 + deltaPDCCH subframes.
Proposal 2
network implementation resolves the issue of ambiguity on start of DRX inactivity timer after the PUSCH transmission by not scheduling the NPDCCH back-to-back during the ambiguity period (i.e., Koffset – UE’s TA).
Proposal 3
The configuration for UL HARQ mode is kept simple with only option 1, i.e., per HARQ process via UE specific RRC signaling.
Proposal 4
When UE is not configured with option 1 and option 3, Rel-17 IoT NTN default behavior is not changed, i.e., use HARQ RTT timer extended with RTToffset> 0 or DLoffset > 0.
Proposal 5
RAN2 discuss how to address the issue of HARQ processes for the multiple TBs scheduled by the same PDCCH.
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