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1. Introduction 
Following agreements were made regarding HARQ process in the RAN2#119e meeting.
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

3. 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).

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

HARQ operation

For IoT NTN, the solution defined for the NR NTN HARQ operation is also applicable and it is simple to adopt the same solution. For DL HARQ process, when HARQ feedback is disabled for a HARQ process, the HARQ RTT timer and DRX retransmission timer are not used.
One difference in IoT NTN compared NR NTN would be the default case of extended HARQ timers regardless of configuration. Therefore, only change needed for IoT NTN is indication from the network whether the UE should start HARQ RTT timer or not.

Similarly for UL HARQ process, the HARQ mode A and B can be configured as an indication whether the UE should start HARQ RTT timer or not. However, whether the logical channel prioritization is also needed in eMTC and NB-IoT can be discussed.
Proposal 1 For DL HARQ process, if HARQ feedback is disabled for a HARQ process, the HARQ RTT timer is not started for the HARQ process.

Proposal 2 For UL HARQ process, if HARQ mode B is configured for a HARQ process, the UE does not start UL HARQ RTT timer for the HARQ process.

Proposal 3 For UL HARQ process, follow NR solution of logical channel prioritization restriction based on HARQ mode.
HARQ mode configuration

When using CP C-IoT optimization, the UEs are supposed to be in RRC_CONNECTED for short period of time to finish the small NAS data transmission. There is no user plane data to transmit. There are many dedicated parameters that cannot be reconfigured today for such UEs DRX cycle, repetition level etc. Same can be considered for configuration of enabling/disabling of HARQ feedback.
At least for the NB-IoT UEs supporting two HARQ process, one HARQ process can be configured with HARQ feedback enabled and the other one with HARQ feedback disabled. As explained earlier, RRC reconfiguration is anyway not expected either be it for reconfiguring HARQ feedback mode or other reconfiguration such as repetition level later in RRC_CONNECTED, therefore, we propose to have a unified solution for all IoT NTN UEs including eMTC UEs, NB-IoT UEs supporting two HARQ processes and NB-IoT UEs supporting one HARQ process.

Since RAN2 has agreed to enhance the UL HARQ operation as well, the enabling or disabling of UL HARQ mode should also be configured. Therefore, a unified approach, i.e., configuration via RRC signaling for both UL and DL HARQ process will be simple.
Proposal 4 For UE using CP IoT EPS optimization, enable/disable of DL HARQ feedback and UL HARQ mode is configured per HARQ process via UE specific RRC signaling.

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.

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 DL HARQ process, if HARQ feedback is disabled for a HARQ process, the HARQ RTT timer is not started for the HARQ process.
Proposal 2
For UL HARQ process, if HARQ mode B is configured for a HARQ process, the UE does not start UL HARQ RTT timer for the HARQ process.
Proposal 3
For UL HARQ process, follow NR solution of logical channel prioritization restriction based on HARQ mode.
Proposal 4
For UE using CP IoT EPS optimization, enable/disable of DL HARQ feedback and UL HARQ mode is configured per HARQ process via UE specific RRC signaling.
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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