[bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #123bis      	                       R2-2310269
Xiamen, China, 9 - 13 October, 2023

Agenda item:	7.6.2.1
Source:	CMCC
Title:	Discussion on the HARQ enhancement for IoT-NTN
WID/SID:	IoT_NTN_enh
Document for:	Discussion and Decision
1	Introduction
In RAN2#123 meeting[1], RAN2 discussed the open issues on HARQ enhancements and achieved lots of agreements. As indicated by Rapporteur, here are the list of remaining open issues on HARQ enhancements for IoT-NTN.
	36.321 (MAC) CR
· DL HARQ feedback and UL HARQ modes impact on drx-inactivity timer on more than one HARQ processes (considering RAN1’s LS-response)
· RAN2 impact of RAN1’s working assumption of DCI overridden indication
· For UL multiple TB scheduling in eMTC and NB-IoT, whether to allow different HARQ mode
· Whether HARQ mode can be configured for PUR
· UL HARQ mode configuration for UL SPS


This contribution will discuss the remaining open issues on HARQ enhancements for IoT-NTN.
2  Discussion
2.1  HARQ operation on more than one HARQ processes
As per RAN1 reply LS [2], for eMTC UE, RAN1 agreed that for an UL HARQ process with HARQ mode B, the minimum time between the end of PUSCH transmission and the start of MPDCCH monitoring for the same HARQ process is 1 ms for Type B half-duplex FDD operation, and there is no minimum time restriction between the end of PUSCH transmission and the start of MPDCCH monitoring for full-duplex FDD operation. Thus, the processing time for Type B half-duplex FDD operation should be considered for inactivity timer of HARQ mode B.
Proposal 1: For eMTC UE with Type B half-duplex FDD operation with HARQ mode B, the UE will start/restart drx-inactivity timer for the same HARQ process in the subframe containing the last repetition of PUSCH transmission plus 1ms.
For DL HARQ operation, RAN1 confirmed that 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. For easy of understanding, we provide the following illustrations on two scenarios for NB-IoT UE with two HARQ processes separately.
· Scenario 1: The two HARQ processes are both disabled.
As illustrated in Fig.1, HARQ process#1 and HARQ process#2 are both disabled. When the UE receives NPDSCH for HARQ process#1, the UE will start/restart drx-inactivity timer after a period of 12ms. However, the UE receives NPDSCH for HARQ process#2 during the period of 12ms, the starting of drx-inactivity timer should be delayed, i.e. the UE will start/restart drx-inactivity timer in the subframe containing the NPDSCH reception of HARQ process#2 (which is the last reception of NPDSCH) plus 12ms.
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Fig.1: The two HARQ processes are both disabled
· Scenario 2: One of the two HARQ processes is disabled and another is enabled.
As illustrated in Fig.2, HARQ process#1 is enabled and HARQ process#2 is disabled. 
For case a, the UE firstly receives NPDSCH for HARQ process#1 with HARQ feedback enabled, and it will send HARQ feedback to eNB and monitor NPDCCH as legacy. Then the UE receives NPDSCH for HARQ process#2 with HARQ feedback disabled, the UE is not required to monitor NPDCCH for HARQ process#1 and process#2 during the NPDSCH reception of HARQ process#2 plus 12ms as per RAN1 agreements. 
For case b, the UE firstly receives NPDSCH for HARQ process#2 with HARQ feedback disabled, it is not required to monitor NPDCCH for HARQ process#1 and process#2 within 12ms. Then the UE receives NPDSCH for HARQ process#1 which is indicated by NPDCCH before the NPDSCH reception of HARQ process#2, the start of 12ms should be from the NPDSCH reception of HARQ process#1 which is the last reception of NPDSCH for all HARQ processes. Thus, during the NPDSCH reception of HARQ process#2 to the NPDSCH reception of HARQ process#1 plus 12ms, the UE is not required to monitor NPDCCH for all HARQ processes.
For HARQ process#1 with HARQ feedback enabled, if the drx-inactivity timer is running before NPDSCH reception of HARQ process#2 with HARQ feedback disabled, the drx-inactivity timer should be stopped since the UE is not required to monitor NPDCCH for all HARQ processes in a period of Y=12(ms) from the end of reception of the NPDSCH.
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Fig.2: One of the two HARQ processes is disabled and another is enabled 
Based on the RAN1 agreements and above analysis, we understand for NB-IoT NTN with two HARQ processes where at least one HARQ process is disabled, the UE should stop the drx-inactivity timer if running when the UE receives NPDSCH of HARQ process with HARQ feedback disabled, and restart/start the drx-inactivity timer from the last reception of NPDSCH plus 12 subframes plus deltaPDCCH. 
Proposal 2: For NB-IoT NTN with two HARQ processes where at least one HARQ process is disabled, the UE should stop the drx-inactivity timer if running when the UE receives NPDSCH of HARQ process with HARQ feedback disabled, and restart/start the drx-inactivity timer from the last reception of NPDSCH plus 12 subframes plus deltaPDCCH.
2.2  UL transmission using PUR
As specified in TS 36.300 [3], PUR (Pre-configured Uplink Resource) was introduced to allow UL transmission for UE in idle mode.  
	Transmission using PUR allows one uplink transmission from RRC_IDLE using a preconfigured uplink resource without performing the random access procedure.


For NTN, HARQ mode B is only applicable to connected mode. In last meeting, RAN2 agreed that HARQ mode B is not applicable for UL transmission using PUR, and FFS whether HARQ mode can be configured for PUR. We don’t see strong motivation to apply HARQ mode for idle mode, and we prefer not to configure HARQ mode for UL transmission using PUR.
Proposal 3: RAN2 confirm not to configure HARQ mode for UL transmission using PUR.
2.3  Multiple TB scheduling
For NB-IoT/eMTC, for DL multiple TB scheduled by single DCI, RAN1#114 agreed to support mixed HARQ feedback enabled/disabled configuration with only RRC bitmap-based solution. Therefore, the same or different HARQ feedback configuration can be configured by eNB based on 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)


Therefore, the following proposal can be agreed by RAN2.
Proposal 4: For DL multiple TB scheduling in eMTC and NB-IoT, it is up to network implementation to schedule multiple TBs with a single DCI using HARQ processes in the same or different HARQ feedback enabled/disabled configuration.
For UL HARQ mode, RAN2 agreed to support RRC signaling configuration for NB-IoT/eMTC in last meeting. For UL multiple TB scheduling, we think a simple solution can be applied, i.e. same HARQ mode (A or B) should be applied to all the HARQ processes.
Proposal 5: For UL multiple TB scheduling in eMTC and NB-IoT, the same HARQ mode is applied to all the HARQ processes scheduled.
2.4  UL HARQ mode configuration for UL SPS
In last meeting RAN2 agreed to follow the NR NTN agreements on HARQ feedback for DL SPS, i.e. HARQ feedback shall always be sent for DL SPS deactivation (i.e. regardless of HARQ feedback enabled/disabled). For UL HARQ mode configuration for UL SPS, majority companies also supported to follow the NR NTN agreements during the offline discussion [3]:
· It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a UL SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by a UL SPS configuration are configured with the same HARQ state (e.g. A or B). No specification impact.
Proposal 6: In IoT NTN, follow NR NTN agreements for UL SPS HARQ mode configuration.
· It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a UL SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by a UL SPS configuration are configured with the same HARQ state (e.g. A or B). No specification impact.

3	Conclusion
Here are the proposals for HARQ enhancements for IoT-NTN.
Proposal 1: For eMTC UE with Type B half-duplex FDD operation with HARQ mode B, the UE will start/restart drx-inactivity timer for the same HARQ process in the subframe containing the last repetition of PUSCH transmission plus 1ms. 
Proposal 2: For NB-IoT NTN with two HARQ processes where at least one HARQ process is disabled, the UE should stop the drx-inactivity timer if running when the UE receives NPDSCH of HARQ process with HARQ feedback disabled, and restart/start the drx-inactivity timer from the last reception of NPDSCH plus 12 subframes plus deltaPDCCH.
Proposal 3: RAN2 confirm not to configure HARQ mode for UL transmission using PUR.
Proposal 4: For DL multiple TB scheduling in eMTC and NB-IoT, it is up to network implementation to schedule multiple TBs with a single DCI using HARQ processes in the same or different HARQ feedback enabled/disabled configuration.
Proposal 5: For UL multiple TB scheduling in eMTC and NB-IoT, the same HARQ mode is applied to all the HARQ processes scheduled.
Proposal 6: In IoT NTN, follow NR NTN agreements for UL SPS HARQ mode configuration.
· It is up to network implementation to ensure proper configuration of HARQ mode for HARQ processes used by a UL SPS configuration (no Stage 3 specification impact).
· RAN2 understanding is that: in general, all HARQ processes used by a UL SPS configuration are configured with the same HARQ state (e.g. A or B). No specification impact.
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