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Introduction
In this contribution we continue to discuss the remaining issues related to HARQ enhancements.
2 Discussion
DL HARQ enhancement
RAN2 has made the following agreement in RAN2#121bis:
RAN2#121’s agreement is revised to “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 plus deltaPDCCH” (Can further check in the NB-IoT session if anything needs to be done for legacy NB-IoT as well, as some timers don’t take deltaPDCCH into account)

The RAN2 agreement specified that the condition for starting/restarting drx-inactivity timer is NB-IoT NTN with single HARQ process. According to our understanding, it indicates the case that only one DL HARQ process is configured.
RAN1 also reached a similar agreement:
	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.



Furthermore, RAN1 has confirmed in the LS [3] that understanding 2 is the correct understanding:
Understanding 2: For a DL HARQ process with disabled HARQ feedback in NB-IoT, UE is not required to monitor NPDCCH for all the HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
Hence, we think the two HARQ processes case can also be defined for starting or restarting drx-InactivityTimer.
Proposal 1a: When the NB-IoT UE is configured with two HARQ processes, for the HARQ process which HARQ feedback is disabled, start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH.
For the multiple TBs case, RAN1 has made following agreement:
	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.
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.
Agreement
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)
· With HARQ-ACK bundling
· Option 2f-b：ACK is reported for TB with HARQ feedback disabled configuration for HARQ-ACK bundling. No change to HARQ feedback timeline. (Option 2d)



According to the RAN1 agreement, when multiple TBs is configured for DCI-based direct indication and DCI-based overridden indication, the same indication is applied to all scheduled TBs, i.e., HARQ is enabled or disabled for all TBs. For the TBs where HARQ feedback is disabled, the RAN1’s agreement for NPDCCH monitor restriction of NB-IoT can apply. Hence, in NB-IoT, the drx-inactivity timer can be started when the UE is trying to monitor NPDCCH after the NPDSCH reception.
According to RAN1 agreement, when multiple TBs is configured for RRC bitmap-based configuration, the mixed HARQ feedback enabled/disabled scheduling is allowed. For the TBs where HARQ feedback is disabled, the RAN1’s agreement for NPDCCH monitor restriction of NB-IoT can apply. Hence, in NB-IoT, the drx-inactivity timer can be started when the UE is trying to monitor NPDCCH after the NPDSCH reception. For the TBs where HARQ feedback is enabled, the legacy HARQ RTT timer should be started.
Proposal 1b: When the NB-IoT UE is scheduled with the multiple TBs, for TBs with the HARQ feedback are disabled, start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH.
Proposal 1c: When the NB-IoT UE is scheduled with the multiple TBs, for TBs with the HARQ feedback are enabled, legacy HARQ RTT timer is used.
Two RRC parameters for HARQ feedback disabling have been defined in the 36.331 running CR [4]. downlinkHARQ-FeedbackDisabled-Bitmap is used to disable the DL HARQ feedback per HARQ process. downlinkHARQ-FeedbackDisabled-DCI indicates that DCI indication is used to directly indicate / override RRC configuration for disabling HARQ feedback. These two RRC parameters were carried by dedicated RRC signaling, like Msg4. When these parameters were decoded by RRC layer, the HARQ feedback should have been assembled by lower layer. The configuration of HARQ feedback disabling should not affect the assembled HARQ feedback. 
And it is always beneficial to acknowledge the RRC signaling, especially for the HARQ feedback disabling configuration. 
Proposal 2:	The downlinkHARQ-FeedbackDisabled-Bitmap and downlinkHARQ-FeedbackDisabled-DCI do not apply to the dedicated RRC signaling (e.g., Msg4), which carries these configurations. 
In Rel-15, quick release of RRC connection is introduced for NB-IoT and eMTC:
	36.331 5.3.8.3:
NOTE 0:	For BL UEs, UEs in CE and NB-IoT, when STATUS reporting, as defined in TS 36.322 [7], has not been triggered and the UE has sent positive HARQ feedback (ACK), as defined in TS 36.321 [6], the lower layers can be considered to have indicated that the receipt of the RRCConnectionRelease message has been successfully acknowledged.


Quick release of RRC connection depends on the positive HARQ feedback. If the HARQ feedback is disabled, it cannot work. According to the current agreement, the DCI-based HARQ feedback overridden mechanism is optional, so it cannot be counted on to enable HARQ feedback for a particular signaling. To keep it functional, HARQ feedback for RRCConnectionRelease should be always enabled despite the HARQ feedback disabling configuration. Furthermore, RRCConnectionRelease is a key signaling, it is worth to protect by HARQ feedback. 
Proposal 3: At least for NB-IoT quick connection release case, HARQ feedback for RRCConnectionRelease is always enabled despite HARQ feedback disabling configuration.
As indicated in the LS[2], RAN1 has specified a working assumption for the DCI based overridden mechanism: the NB-IoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process.
	[bookmark: _Hlk135835537]Agreement
For single TB scheduled by DCI, 
· Working assumption 2 For Option 1 + Option 3 DCI based overridden mechanism, for a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the NBIoT UE does not wait for an RTT+3ms (i.e., till subframe n+Kmac+3 in TS36.213 section 16.6) before monitoring NPDCCH for the same HARQ process (or monitoring any NPDCCH for the case of single HARQ process configuration). 
· Send an LS to RAN2 with the following contents:
· RAN1 respectfully ask RAN2 for the feasibility of Working assumption 2 (taking into account potential RAN2 spec impact).


 RAN1 also asked RAN2 for the feasibility of this working assumption. RAN2 has confirmed in the responding LS that the working assumption is feasible. 
This working assumption implies that for the DCI override case, the network can directly re-scheduled another DL/UL transmission right after the HARQ ACK of the first DL transmission with a RTT+3ms delay. The impact on RAN2 spec will be the HARQ RTT timer. Since the UE does not wait for an RTT+3ms before monitoring PDCCH, RTT +3ms can be removed from the HARQ RTT timer length. But at least 1ms should be kept for the TX-RX transition.
Proposal 4: Working assumption: For NB-IoT, a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the HARQ RTT timer is set to k+1+N+deltaPDCCH.
UL HARQ enhancement
As indicated in the LS [3] from RAN1, for HARQ mode B, the minimum interval between the last NPUSCH transmission and the next NPDCCH is 1ms.
	RAN2’s question 1a: For an UL HARQ process with HARQ mode B for NB-IoT UEs, what is the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process?  
RAN1 response: 
For a NB-IoT UE operating with two HARQ processes, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring for the same HARQ process is 1 ms.
· Note: this implies a RAN1 specification change in Rel-18.
For a NB-IoT UE operating with one HARQ process, for an UL HARQ process with HARQ mode B, the minimum time between the end of NPUSCH transmission and the start of NPDCCH monitoring is 1 ms.
· Note: this implies a RAN1 specification change in Rel-18.




Based on the information, we can propose the drx-inactivity timer for HARQ mode B in NB-IoT.
Proposal 5: For NB-IoT UE, when two HARQ processes are configured, start or restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission + 1 subframes + deltaPDCCH.
As indicated in the LS [3] from RAN1, all 3 cases are transparent to RAN1.
	RAN2’s question 2: For UL multiple TB scheduling, which of the following HARQ mode combinations does RAN1 intend to support for eMTC and NB-IoT?
· Case 1: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A
· Case 2: all HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode B
· Case 3: some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B
RAN1 response: 
Whether/how to support case 1, case 2 and/or case 3 for UL multiple TB scheduling for eMTC and NB-IoT is transparent to RAN1 and can be left to RAN2 decision.



Obviously, UE should support the case 1 and case 2. 
For NB-IoT which does not have LCP restrictions based on uplinkHARQ-Mode, UE will not distinguish which HARQ process is used for the UL data. Therefore, at least for NB-IoT, there is no use case for case 3.
Proposal 6: At least for NB-IoT, some HARQ processes corresponding to the scheduled multiple TBs configured with HARQ mode A and others configured with HARQ mode B is not supported.
If multiple TBs is configured, UL HARQ mode is A or B for all TBs, similar to DL HARQ, only one HARQ mode configuration is needed. To keep the solution simple, for NB-IoT, the RRC configuration for the HARQ process 0 can be used.
Proposal 7: For NB-IoT, when the multi-TBs is configured, RRC configuration of UL HARQ mode for HARQ process 0 applies to both HARQ processes.
When the multiple TBs is configured, L1’s NPDCCH monitor restriction of UL HARQ mode B for NB-IoT can be applied as well. Hence, the UE can start drx-inactivity timer when UE starts to monitor the NPDCCH after the NPUSCH transmission.
Proposal 8: For NB-IoT UE when multiple TBs are scheduled, for UL HARQ process in HARQ mode B, start or restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission + 1 subframe + deltaPDCCH.
In RAN2#121bis, companies have consensus on SPS configured with HARQ mode B.
UL transmission using SPS can be configured with HARQ mode B  

For NB-IoT, according to 36.321, a configured uplink grant shall be used only for BSR or SPS confirmation transmission. For configured uplink grants for BSR, the HARQ Process ID is set to 0.
If the HARQ mode B is configured for the SPS, network can schedule a retransmission right after NPUSH before receiving the UL data. By this way, network can ensure reliable transmission of BSR and SPS confirmation.
For NB-IoT, according to 36.321, for configured uplink grants for BSR, the HARQ Process ID is set to 0. 
When the HARQ process 0 has been configured with HARQ mode B and SPS has been configured, it can be considered that the SPS has been configured with HARQ mode B. 
Proposal 9: For NB-IoT, if HARQ process 0 has been configured with HARQ mode B, and SPS has been configured, it can be considered that SPS has been configured with HARQ mode B.
For eMTC, the UL SPS can be used to transfer user data. Like NB-IoT, if HARQ mode B is configured for the UL SPS, network can schedule a retransmission right after the PUSCH before receiving the UL data. Besides, network can also schedule a new transmission right after the PUSCH before receiving the UL data. By this way, network can ensure a reliable transmission of UL SPS data, or network can improve the UL data rate.
For eMTC, according to 36.321, the HARQ process ID varies in time. If HARQ mode B configuration for SPS follows the HARQ processes, and if not all the HARQ processes are configured with HARQ mode B, then HARQ mode of SPS varies in time. To keep the HARQ mode of SPS consistent, a sperate configuration of HARQ mode for SPS can be introduced.
Proposal 10: For eMTC, a new separate configuration of HARQ mode is used to control the HARQ mode of the UL SPS.
According to 36.321 5.4.2.1, for UL transmission with an UL grant in RAR and for transmission using PUR, HARQ process identifier 0 is used. When the UL HARQ mode B has been configured to HARQ process 0, it is unclear whether HARQ mode B is feasible for Msg3 of random access in RRC connected mode.
If the HARQ mode B is not feasible for Msg3 in RRC connected mode, after the UE has sent the Msg3, according to 36.213 16.6, UE will stop monitoring PDCCH for the same HARQ process for Kmac + 3ms. However, during this period, the network that has not received the Msg3 can send DCI N0/N1 to this UE. To avoid losing that potential DCI, UE can monitor the PDCCH during the Kmac+3ms. HARQ mode B is beneficial for the Msg3 of random access in RRC connected mode.
Proposal 11: UL HARQ mode B for HARQ process 0 is applicable for the Msg3 of random access in RRC connected mode.
3 Conclusions
Proposal 1a: When the NB-IoT UE is configured with two HARQ processes, for the HARQ process which HARQ feedback is disabled, start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH.
Proposal 1b: When the NB-IoT UE is scheduled with the multiple TBs, for TBs with the HARQ feedback are disabled, start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH.
Proposal 1c: When the NB-IoT UE is scheduled with the multiple TBs, for TBs with the HARQ feedback are enabled, legacy HARQ RTT timer is used.
Proposal 2:	The downlinkHARQ-FeedbackDisabled-Bitmap and downlinkHARQ-FeedbackDisabled-DCI do not apply to the dedicated RRC signaling(e.g., Msg4) which carries these configurations. 
Proposal 3: At least for NB-IoT quick connection release case, HARQ feedback for RRCConnectionRelease is always enabled despite the HARQ feedback disabling configuration.
Proposal 4: Working assumption: For NB-IoT, a HARQ process configured as HARQ feedback disabled by per-HARQ process bitmap signaling and further reversed to HARQ feedback enabled by DCI, the HARQ RTT timer is set to k+1+N+deltaPDCCH.
Proposal 5: For NB-IoT UE, when two HARQ processes are configured, start or restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission + 1 subframes + deltaPDCCH.
Proposal 6: At least for NB-IoT, some HARQ processes corresponding to the scheduled multiple TBs are configured with HARQ mode A and the others are configured with HARQ mode B is not support.
Proposal 7: For NB-IoT, when the multi-TBs is configured, RRC configuration of UL HARQ mode for HARQ process 0 applies to both HARQ processes.
Proposal 8: For NB-IoT UE when multiple TBs are scheduled, for UL HARQ process in HARQ mode B, start or restart drx-inactivity timer in the subframe containing the last repetition of the corresponding PUSCH transmission + 1 subframes + deltaPDCCH.
Proposal 9: For NB-IoT, if HARQ process 0 has been configured with HARQ mode B, and SPS has been configured, it can be considered that the SPS has been configured with HARQ mode B.
Proposal 10: For eMTC, a new separate configuration of HARQ mode is used to control the HARQ mode of the UL SPS.
Proposal 11: UL HARQ mode B for HARQ process 0 is applicable for the Msg3 of random access in RRC connected mode.
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