3GPP TSG-RAN WG2 Meeting #124	 R2- 2312114
Chicago, US, Nov 13-17, 2023
Agenda Item:	7.6.2.1
Souce:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	Remaining issues on HARQ Enhancements in IoT-NTN
Document for:		Discussion and Agreement
Introduction
In this contribution we continue to discuss the remaining issues related to HARQ enhancements.
2 Discussion
DL Multiple TBs 
For the DL multiple TBs scheduling case, RAN2 already has the following agreement:
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.
2. 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.

We listed all the scenarios and corresponding agreements:
	No
	[bookmark: _Hlk149760433]HARQ-ACK bundling
	Mixed/same HARQ feedback
	HARQ feedback configuration 
	Agreement

	1
	Configured
	Mixed
	Enabled
	HARQ RTT timer as legacy

	2
	Configured
	Mixed
	Disabled
	No agreement

	3
	Configured
	Same
	Enabled
	HARQ RTT timer as legacy

	4
	Configured
	Same
	Disabled
	No agreement

	5
	Not configured
	Mixed
	Enabled
	No agreement

	6
	Not configured
	Mixed
	Disabled
	No agreement

	7
	Not configured
	Same
	Enabled
	HARQ RTT timer as legacy

	8
	Not configured
	Same
	Disabled
	No agreement



For case 2 with HARQ-ACK bundling and mixed HARQ configuration, according to the following RAN1 agreement, the ACK is reported for TB with HARQ feedback disabled configuration. Since the ACK is reported, NB-IoT UE behaviour on DRX should follow the same pattern as HARQ feedback enabled. Hence, the HARQ RTT timer will be started for the HARQ feedback enabled HARQ process. There is no need to start another timer to monitor PDCCH.
RAN1 agreement:
	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)



Proposal 1: When NB-IoT UE is scheduled with multiple TBs and HARQ-ACK bundling is configured and mixed HARQ feedback enabled/disabled is scheduled, for TBs with the HARQ feedback disabled, there is no RAN2 impact.
For case 4, where HARQ bundling is configured and all HARQ processes configured with HARQ feedback disabled, according to RAN1 agreement, HARQ feedback is not reported when all TBs scheduled by single DCI are configured/indicated as HARQ feedback disabled. 
For case 8, where the HARQ bundling is NOT configured and all the HARQ processes configured with HARQ feedback disabled, according to the RAN1 agreement, HARQ feedback is not reported when all TBs scheduled by single DCI are configured/indicated as HARQ feedback disabled.
	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.



Since in RAN2 we 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, it is needed to start drx-InactivityTimer after DL transmission for the HARQ processes.
For case 6, where HARQ bundling is NOT configured and mixed HARQ feedback is configured, according to the RAN1 agreement, HARQ feedback is not reported for TB with the HARQ feedback disabled configuration. Same as in case 4 and case 8, it is needed to start drx-InactivityTimer after DL transmission for the HARQ process.
	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)



Proposal 2: When the NB-IoT UE is scheduled with multiple TBs, except when HARQ-ACK bundling is configured and mixed HARQ feedback enabled/disabled is scheduled, for TB with HARQ feedback disabled, start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH.
For case 5, where HARQ-ACK bundling is not configured and mixed HARQ feedback is scheduled, according to the RAN1 agreement, 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.
	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)



In this case, since the HARQ ACK will be reported, the HARQ RTT timer should start. The legacy HARQ RTT timer when multiple TBs are scheduled and HARQ-ACK bundling is not configured is set to k+2*N+1 subframes plus RTToffset + deltaPDCCH. N is the transmission duration in subframes of the associated HARQ feedback. However, in this case, since it is mixed HARQ feedback scheduling, there is only one HARQ feedback. The HARQ RTT timer length should be set to k+3+N subframes plus RTToffset + deltaPDCCH.
Proposal 3: When NB-IoT UE is scheduled with multiple TBs, when HARQ-ACK bundling is not configured and mixed HARQ feedback enabled/disabled is scheduled, HARQ RTT Timer for the HARQ process with HARQ feedback enabled is set to k+3+N subframes plus RTToffset + deltaPDCCH.

UL Multiple TBs 
For the UL multiple TBs scheduling case, RAN2 already has the following agreement:
1. For UL multiple TB scheduling, UE only starts the UL HARQ RTT Timer for the HARQ process(es) with HARQ mode A.

We listed all the scenarios and corresponding agreements:
	For the HARQ process which HARQ mode is
	Agreement

	HARQ mode A
	UL HARQ RTT timer as legacy

	HARQ mode B
	No UL HARQ RTT timer.



For the HARQ process(es) configured with HARQ mode B, the UL HARQ RTT timer is not started. The drx-activity timer is stopped when the multiple TBs scheduling DCI is received. Hence, it is necessary to start drx-ActivityTimer after the UL transmission to monitor PDCCH for HARQ process(es) configured with HARQ mode B.
Proposal 4: When NB-IoT UE is scheduled with the multiple TBs, for the HARQ process configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH.
Other
RAN2 has made the following agreement in RAN2#123bis:
1. For a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behaviour on DRX follows the case when HARQ feedback is disabled. 
However, according to the RAN1 agreement, it is limited to the single TB scheduling case.
	Agreement
Confirm the following working assumptions from RAN1#113:
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). 



Hence, it is suggested to revise the agreement by adding the single TB scheduling limitation.
Proposal 5: For single TB scheduling, for a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behavior on DRX follows the case when HARQ feedback is disabled.
In the MAC running CR review, one company raised an issue. For the above scenario, the HARQ feedback is enabled but the UE behaviour on DRX follows the case when the HARQ feedback is disabled. The drx-InactivityTimer is started after the PDSCH + 12 subframes + deltaPDCCH. It is possible to collide with the HARQ feedback transmission. For a HD-FDD NB-IoT UE, it is not possible to transmit UL HARQ feedback and monitor DL PDCCH simultaneously. To address this issue, instead of changing the UE behavior directly, we propose to add a note to clarify.
Proposal 6: Add a note in the MAC specification to clarify that when preparing and doing HARQ feedback transmission, UE is not required to monitor PDCCH during drx-InactivityTimer as specified in the RAN1 spec.

In Rel-15, quick release of RRC connection is introduced for NB-IoT and eMTC:
	36.331 5.3.8.3:
The UE shall:
1> except for NB-IoT, BL UEs or UEs in CE, delay the following actions defined in this clause 60 ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1> for BL UEs or UEs in CE, delay the following actions defined in this clause 1.25 seconds from the moment theRRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;
1> for NB-IoT, delay the following actions defined in this clause 10 seconds from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the RRCConnectionRelease message has been successfully acknowledged, whichever is earlier.
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.



The quick release of RRC connection depends on the positive HARQ feedback. If the HARQ feedback is disabled, there is no way UE can send positive HARQ feedback. NB-IoT UE will have to wait for 10 seconds to leave the connected mode, which is power-consuming and unnecessary due to no STATUS reporting. To avoid such a delay, when STATUS reporting has not been triggered and the HARQ feedback associated with the RRCConnectionRelease is disabled, UE can consider the receipt of the RRCConnectionRelease message to have been successfully acknowledged.
Proposal 7: At least for NB-IoT UE, when STATUS reporting has not been triggered and HARQ feedback associated with RRCConnectionRelease is disabled, UE can consider the receipt of RRCConnectionRelease message as successfully acknowledged.
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 8: The downlinkHARQ-FeedbackDisabled-Bitmap and downlinkHARQ-FeedbackDisabled-DCI do not apply to the dedicated RRC signaling (e.g., Msg4), which carries these configurations. 
3 Conclusions
Proposal 1: When NB-IoT UE is scheduled with multiple TBs and HARQ-ACK bundling is configured and mixed HARQ feedback enabled/disabled is scheduled, for TBs with the HARQ feedback disabled, there is no RAN2 impact.
Proposal 2: When the NB-IoT UE is scheduled with multiple TBs, except when HARQ-ACK bundling is configured and mixed HARQ feedback enabled/disabled is scheduled, for TB with HARQ feedback disabled, start or restart drx-InactivityTimer in the subframe containing the last repetition of the corresponding PDSCH reception + 12 subframes + deltaPDCCH.
Proposal 3: When NB-IoT UE is scheduled with multiple TBs, when HARQ-ACK bundling is not configured and mixed HARQ feedback enabled/disabled is scheduled, HARQ RTT Timer for the HARQ process with HARQ feedback enabled is set to k+3+N subframes plus RTToffset + deltaPDCCH.
Proposal 4: When NB-IoT UE is scheduled with the multiple TBs, for the HARQ process configured with HARQ mode B, UE starts drx-InactivityTimer in the subframe containing the last repetition of the PUSCH corresponding to the last scheduled TB plus 1 subframe plus deltaPDCCH.
Proposal 5: For single TB scheduling, for a HARQ process configured as HARQ feedback disabled by RRC and further reversed to HARQ feedback enabled by DCI, UE behavior on DRX follows the case when HARQ feedback is disabled.
Proposal 6: Add a note in the MAC specification to clarify that when preparing and doing HARQ feedback transmission, UE is not required to monitor PDCCH during drx-InactivityTimer as specified in the RAN1 spec.
Proposal 7: At least for NB-IoT UE, when STATUS reporting has not been triggered and HARQ feedback associated with RRCConnectionRelease is disabled, UE can consider the receipt of RRCConnectionRelease message as successfully acknowledged.
Proposal 8: The downlinkHARQ-FeedbackDisabled-Bitmap and downlinkHARQ-FeedbackDisabled-DCI do not apply to the dedicated RRC signaling (e.g., Msg4), which carries these configurations. 
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