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[bookmark: _Ref178064866]Introduction
In the past meetings, RAN2 has discussed the HARQ enhancement for R18 IoT NTN and achieved lots of agreements. In this contribution, we will continue to discuss the remaining issues for this topic.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
Multiple UL TBs scheduling
drx-InactivityTimer
In the legacy NB-IoT, the maximum number HARQ processes and TBs scheduled by one DCI is 2. In case of multiple TBs scheduling, when the UE receives one DCI scheduling 2 TBs, it is not possible to receive another NPDCCH before corresponding transmission is finished. Thus, the drx-InactivityTimer is started when the HARQ RTT Timer expires and stopped when a scheduling is received. In R18 IOT NTN, for UL multiple TB scheduling, if all the HARQ processes are configured with HARQ mode B, UL HARQ RTT timer will not start, which results in the drx-InactivityTimer cannot be started. Moreover, RAN2 has agreed that “if an NB-IoT UE receives a PDCCH indicating the transmission for UL multiple TBs, UE stops drx-InactivityTimer as legacy, regardless of the HARQ mode configuration for each of the multiple scheduled TB [1]” in the last meeting. This means that NW only relies on the onDurationTimer to schedule the subsequent transmission, which brings scheduling restriction. In order to facilitate the subsequent scheduling, under this use case, drx-InactivityTimer should work as in single HARQ process case.
Proposal 1: For UL multiple TBs scheduling, if all the HARQ processes are configured with HARQ mode B, NB-IoT UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframes plus deltaPDCCH. 
Length of UL HARQ RTT timer
In the last meeting, RAN2 agreed that “UE only starts the UL HARQ RTT Timer for the HARQ process(es) with HARQ mode A [1]”. In R17 IOT NTN, UL HARQ RTT timer has been extended to cover the long delay propagation in NTN via the parameter RTToffset. For example, for NB-IoT, when multiple TBs are scheduled by PDCCH the UL HARQ RTT timer length is set to 1 subframe plus RTToffset + deltaPDCCH, where RTToffset is set to UE-eNB RTT in non-terrestrial networks. Then, UL HARQ RTT Timer for HARQ process with HARQ mode A can be calculated as legacy.
Proposal 2: For UL multiple TB scheduling, UL HARQ RTT Timer for HARQ process with HARQ mode A is calculated as legacy.
Multiple DL TBs scheduling
drx-InactivityTimer
In the legacy NB-IoT, the maximum number HARQ processes and TBs scheduled by one DCI is 2. In case of multiple TBs scheduling, when the UE receives one DCI scheduling 2 TBs, it is not possible to receive another NPDCCH before corresponding reception is finished. Thus, the drx-InactivityTimer is started when the HARQ RTT Timer expires and stopped when a scheduling is received. In R18 IOT NTN, for DL multiple TB scheduling, if all the HARQ processes are configured with disabled HARQ feedback, HARQ RTT timer will not start, which results in the drx-InactivityTimer also cannot be started. Moreover, RAN2 has agreed that “if a NB-IoT UE receives a PDCCH indicating the transmission for multiple DL TBs, UE stops drx-InactivityTimer as legacy, regardless of the enabling/disabling HARQ feedback configuration for each of the multiple scheduled TB [1]”. Then, NW only relies on the onDurationTimer to schedule the subsequent transmission. In order to facilitate the subsequent scheduling, under this use case, drx-InactivityTimer should work as in single HARQ process case.
Proposal 3: For DL multiple TB scheduling, if all the HARQ processes are configured with disabled HARQ feedback, NB-IOT UE starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH. 
Length of HARQ RTT timer
Case 1: Mixed HARQ feedback enabled/disabled configuration (only RRC config)
In the last meeting, RAN2 achieved the following agreement related to the multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration when the HARQ-ACK bundling is configured. However, there is no conclusion for the case HARQ-ACK bundling is not configured.
1. For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration (by RRC), if HARQ-ACK bundling is configured, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
In the legacy mechanism, UL HARQ RTT time for the case HARQ-ACK bundling is not configured is calculated as below. 
	TS 36.321
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 NB-IoT, when multiple TBs are scheduled by PDCCH for the non-interleaved case or for the interleaved case when HARQ-ACK bundling is not configured, the HARQ RTT Timer is set to k+2*N+1 subframes plus RTToffset + deltaPDCCH where k is the interval between the last subframe of the downlink transmission and the first subframe of the first HARQ feedback transmission and N is the transmission duration in subframes of the associated HARQ feedback, and deltaPDCCH is the interval starting from the subframe following the last subframe of the last HARQ feedback transmission plus 1 subframe plus RTToffset to the first subframe of the next PDCCH occasion.


In the legacy, for the case HARQ-ACK bundling is not configured, separate HARQ ACKs for each TB are transmitted. Therefore, the m * N or 2*N is actually equal to the transmission time of HARQ feedback of scheduled all TBs, where N is the transmission time of HARQ feedback of each scheduled TB. In R18 IOT NTN, RAN1 has agreed that HARQ feedback is not reported for TB with HARQ feedback disabled configuration if HARQ-ACK bundling is not configured. On top of RAN1 agreement, the HARQ RTT timer should be calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
	RAN1#114 Agreement [2]
[bookmark: _Hlk149831481]For LTE-MTC/NB-IoT, for the multiple TBs scheduled by single DCI with only RRC bitmap-based solution configuration and with mixed HARQ feedback enabled/disabled scheduling
· Without HARQ-ACK bundling
· HARQ feedback is not reported for TB with HARQ feedback disabled configuration.
· HARQ timing for TBs with HARQ feedback enabled configuration does not count the legacy HARQ-ACK resource/HARQ timing adopted for TBs with HARQ feedback disabled configuration. (Option 2e)


Proposal 4: For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, if HARQ-ACK bundling is not configured, HARQ RTT Timer is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
Case 2: Same HARQ feedback enabled configuration (only RRC config)
For the case that multiple TB scheduling with the same HARQ feedback enabled configuration by RRC, RAN2 has achieved the following agreement.
1. [bookmark: _Hlk149829903][bookmark: _Hlk149829844]For multiple TB scheduling with the same HARQ feedback enabled configuration at least by RRC, HARQ RTT Timer for HARQ process with HARQ feedback enabled is calculated as legacy.
Case 3: Same HARQ feedback enabled configuration (DCI-based direct indication or overridden indication)
Based on RAN1 agreement in RAN1#113/114 below, for DCI-based HARQ enabling/disabling direct/overridden indication, all scheduled TBs by single DCI are HARQ feedback enabled or HARQ feedback disabled. That means that mixed HARQ feedback enabled/disabled configuration by DCI is not supported. Moreover, based on RAN1 agreement, for both use cases that HARQ-ACK bundling is configured or not, HARQ feedback is reported for each TB at least in case that all TBs scheduled by single DCI are configured/indicated as HARQ feedback enabled, which is same as legacy behaviour. Therefore, there is no need to change the calculation of the length of HARQ RTT timer.
	RAN1#113 Agreement
for NB-IoT and LTE-MTC in CE Mode B, if multiple TBs is configured, for DCI-based HARQ enabling/disabling direct indication in multiple TBs scheduled by single DCI, the same indication is applied to all scheduled TBs, i.e. HARQ is enabled or disabled for all TBs.

RAN1#114 Agreement
For the DCI based overridden indication for multiple TBs scheduled by single DCI,
· reuse/reinterpret the HARQ-ACK related field in corresponding DCI for overridden indication of HARQ feedback enabled/disabled.
· The same DCI overridden indication functionality as single TB scheduled by DCI scenarios.
· This implies that all scheduled TBs by single DCI are HARQ feedback enabled or HARQ feedback disabled by the DCI overridden indication.



	RAN1#114 Agreement
For both RRC bitmap-based solution and DCI-based solutions (i.e., DCI-based direct indication and DCI-based overridden indication),
· For LTE-MTC/NB-IoT multiple TBs scheduled by single DCI without HARQ-ACK bundling, 
· HARQ feedback is reported for each TB at least in case that all TBs scheduled by single DCI are configured/indicated as HARQ feedback enabled.
· HARQ feedback is not reported at least in case all TBs scheduled by single DCI are configured/indicated as HARQ feedback disabled.
· For LTE-MTC/NB-IoT multiple TBs scheduled by single DCI with HARQ-ACK bundling, 
· bundled HARQ feedback is reported at least in case that all TBs scheduled by single DCI are configured/indicated as HARQ feedback enabled. 
· HARQ feedback is not reported at least in case all TBs scheduled by single DCI are configured/indicated as HARQ feedback disabled.


Proposal 5: For multiple TB scheduling with HARQ feedback indicated by DCI, HARQ RTT Timer is calculated as legacy.
[bookmark: _Toc458688128][bookmark: _Toc458688133][bookmark: _Toc458700495][bookmark: _Toc458688134][bookmark: _Toc458700496][bookmark: _Toc458461065][bookmark: _Toc450773277][bookmark: _Toc450773306][bookmark: _Toc450773354][bookmark: _Toc450773369][bookmark: _Toc450774156][bookmark: _Toc450814189]Conclusion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]In this contribution, we discussed the HARQ enhancement for R18 IOT NTN. This discussion includes the following observations and proposals.
Proposal 1: For UL multiple TBs scheduling, if all the HARQ processes are configured with HARQ mode B, NB-IoT UE starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 1 subframes plus deltaPDCCH. 
Proposal 2: For UL multiple TB scheduling, UL HARQ RTT Timer for HARQ process with HARQ mode A is calculated as legacy.
Proposal 3: For DL multiple TB scheduling, if all the HARQ processes are configured with disabled HARQ feedback, NB-IOT UE starts drx-InactivityTimer in the subframe containing the last repetition of the PDSCH corresponding to the last scheduled TB plus 12 subframes plus deltaPDCCH. 
Proposal 4: For multiple TB scheduling with mixed HARQ feedback enabled/disabled configuration, if HARQ-ACK bundling is not configured, HARQ RTT Timer is calculated based on the number of scheduled TBs with DL HARQ feedback enabled.
Proposal 5: For multiple TB scheduling with HARQ feedback indicated by DCI, HARQ RTT Timer is calculated as legacy.
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