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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN#94 plenary meeting, an enhancement work item for Rel.18 IoT NTN was approved. One of the objectives is to specify the following HARQ enhancements to IoT NTN.

This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption [RAN1]
The following agreements on disabling of HARQ feedback for IoT NTN were achieved:

Working assumption
For DCI-based direct indication in single TB scheduled by DCI, 
· Indication by reusing/reinterpreting HARQ-ACK related field in DCI
· For eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state, and whether this state is different across different UEs
· For NBIoT, one state of “HARQ-ACK resource” field in DCI format N1 is used for indication of HARQ feedback disabled, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource.
· FFS: detailed state, and whether this state is different across different UEs
· If reusing/reinterpreting HARQ-ACK related field in DCI is also used for DCI overriding scheme, the interpretation of the state can be different than for DCI-based direct indication.

[bookmark: _Hlk135835537]Agreement
For single TB scheduled by DCI, 
· Working assumption 1 DCI based overridden indication is applied to both semi-statically HARQ disabled and enabled processes
· For DCI based overridden indication, adopt indication by reusing/reinterpreting HARQ-ACK related field in DCI
· For eMTC CE mode B, “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of maintaining/reversing the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration and corresponding HARQ-ACK resource in case of indication of HARQ feedback enabled.
· HARQ feedback disabled is reversed to enabled in case of any states other than state A in “HARQ-ACK resource offset”, otherwise is maintained as disabled.
· HARQ feedback enabled is maintained in case of any states other than state A in “HARQ-ACK resource offset”, otherwise is reversed to disabled.
· FFS: detailed state A, and whether this state A is different across different UEs
· For NBIoT, “HARQ-ACK resource” field in DCI format N1 is used for indication of maintaining/reversing the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration and corresponding HARQ-ACK resource in case of indication of HARQ feedback enabled.
· The same DCI indication functionality as eMTC is adopted.
· 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).

Agreement
The draft LS in R1-2306205 is endorsed. Final LS in R1-2306245.

Agreement
For the RRC configuration of DCI solution enabling/disabling of HARQ feedback for NB-IoT and LTE-MTC in CE Mode B, the RRC configuration is UE-specific.

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.

In this contribution, detailed considerations of potential enhancement for IoT NTN, especially HARQ disabling enhancement are presented.
2. Discussion
2.1 Indication/configuration of disabling HARQ feedback in IoT NTN
For the indication and configuration of disabling HARQ feedback for IoT NTN, NR NTN configuration is assumed to be the baseline solution, and DCI based solution can also be supported for different scenarios. 
In previous RAN1 meeting, the detailed DCI based HARQ feedback enabled/disabled  indication solution have been agreed. For both DCI-based direct indication and DCI based overridden indication for single TB scheduled by DCI, reusing/reinterpreting HARQ-ACK related field in DCI were agreed to be the working assumption. Considering the DCI overhead, the reusing/reinterpreting existing DCI field is a good compromise solution for the indication of HARQ feedback enabled/disabled in IoT NTN. The working assumption is proposed to be confirmed.
Proposal 1: Confirm the working assumption of reusing/reinterpreting HARQ-ACK related field in DCI for DCI-based direct indication and overridden indication for single TB scheduled by DCI.
For multiple TB scheduled by DCI, it is agreed the unified indication is adopted to all scheduled TB for DCI based direct indication. 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. Regarding the indication, it is straightforward to following the indication mechanism for single TB scheduled by DCI to reuse/reinterpret the HARQ-ACK related field in corresponding DCI for indication of HARQ feedback enabled/disabled. For example, for eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of HARQ feedback disabled for all scheduled TBs, other states are used for indication of HARQ feedback enabled and corresponding HARQ-ACK resource for all scheduled TBs.
Proposal 2: 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, it is straightforward to reuse/reinterpret the HARQ-ACK related field in corresponding DCI for indication of HARQ feedback enabled/disabled.
To align the DCI solution for both direct and overridden indication, it is proposed to reuse/reinterpret the HARQ-ACK related field to indicate HARQ feedback enabled/disabled of overridden mechanism for multiple TB scheduled by DCI, the HARQ-ACK related field jointly indicates the HARQ feedback enabled/disabled and corresponding HARQ-ACK information if HARQ feedback enabled, which is equivalent the indication is not related to the RRC-configured HARQ enabled/disabled as single TB scenarios.  For example, for eMTC CE mode B, one state of “HARQ-ACK resource offset” field in DCI format 6-1B is used for indication of overriding RRC-configured HARQ feedback enabled process(es) to HARQ feedback disabled one(s) and keeping the RRC-configured HARQ disabled process(es) as HARQ feedback disabled one(s), other states are used for indication of overriding RRC-configured HARQ feedback disabled process(es) to HARQ feedback enabled one(s) and keeping the RRC-configured HARQ enabled process(es) as HARQ feedback enabled one(s).
Proposal 3: For NB-IoT and LTE-MTC in CE Mode B, for DCI-based HARQ enabling/disabling overridden indication in multiple TBs scheduled by single DCI, it is straightforward to reuse/reinterpret the HARQ-ACK related field for indication of enabling/disabling HARQ feedback.

2.2 Multiple TB scheduling
[bookmark: _Hlk142656673]With single DCI, multiple TBs are scheduled with interleaved or non-interleaved manner and corresponding feedback for each TB is performed after the data transmission with HARQ bundling or non-bundling manner.
For the multiple TBs scheduled by single DCI, regarding the HARQ feedback enable/disabled, there could be one of the following 3 scenarios: 
· Scenario 1: all TBs are configured with HARQ feedback enabled
· Scenario 2: all TBs are configured with HARQ feedback disabled
· Scenario 3: some TBs are configured with HARQ feedback enabled while the other TBs are configured with HARQ feedback disabled. 

[bookmark: _Hlk142657968]Based on above DCI based indication of HARQ feedback enabled/disabled for multiple TB scheduled by single DCI, all scheduled TBs are indicated as HARQ feedback enabled or HARQ feedback disabled. HARQ feedback for multiple TBs scheduled by single DCI can be either all TBs HARQ feedback or all TBs HARQ not feedback, as scenarios 1 or scenarios 2. The functionality of HARQ feedback is same as single TB scheduled cases.
Proposal 4: DCI based indication of HARQ feedback enabled/disabled for multiple TB scheduled by single DCI, HARQ feedback for multiple TB scheduled by single DCI can be either all TBs HARQ feedback or all TBs HARQ not feedback.
For RRC configured HARQ feedback enabled/disabled without DCI indication (e.g., only RRC configuration), it is possible that scheduled TBs are with mixed HARQ feedback enabling/disabling scheduling. 
For NR NTN HARQ disabling, two types of HARQ codebook are enhanced as:
· For Type-1 HARQ codebook in NR NTN, the UE will consistently report NACK-only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
· For Type-2 HARQ codebook in NTN: 
· Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes
Similar as enhancement of NR NTN HARQ codebook Type-1, ACK is assumed for a feedback-disabled HARQ process in the HARQ feedback for scheduling multiple TB scenario, which will introduce much unnecessary power consumption.
While similar as enhancement of NR NTN HARQ codebook Type-2, UE only reports the HARQ information for the HARQ enabled process, corresponding UE behavior and timing relationship as shown in Figure 1. That is, for a HARQ feedback transmission in PUCCH, the target transmission starting subframe of the PUCCH is 4ms after the reception of PDSCH and right after end of HARQ feedback transmission of the previous TB)
· For HARQ without bundling (e.g., NBIoT and eMTC), UE only reports the HARQ information for the configured HARQ enabled process, corresponding UE behavior and timing relationship follow legacy behavior.
· For HARQ with bundling (e.g., only eMTC), UE only reports the HARQ information for configured HARQ enabled process, HARQ-ACK for HARQ disabled processes is excluded in the HARQ bundle.

[image: ]
Figure 1 HARQ disabling in multiple TB scheduling
Proposal 5: For RRC configured HARQ feedback enabled/disabled and multiple TBs scheduled by single DCI with/without HARQ bundling, HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled).

3. Conclusions
In this contribution, considerations of HARQ enhancement for IoT NTN are provided. The following proposals are present: 
Proposal 1: Confirm the working assumption of reusing/reinterpreting HARQ-ACK related field in DCI for DCI-based direct indication and overridden indication for single TB scheduled by DCI.
Proposal 2: 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, it is straightforward to reuse/reinterpret the HARQ-ACK related field in corresponding DCI for indication of HARQ feedback enabled/disabled.
Proposal 3: For NB-IoT and LTE-MTC in CE Mode B, for DCI-based HARQ enabling/disabling overridden indication in multiple TBs scheduled by single DCI, it is straightforward to reuse/reinterpret the HARQ-ACK related field for indication of enabling/disabling HARQ feedback.
Proposal 4: DCI based indication of HARQ feedback enabled/disabled for multiple TB scheduled by single DCI, HARQ feedback for multiple TB scheduled by single DCI can be either all TBs HARQ feedback or all TBs HARQ not feedback.
Proposal 5: For RRC configured HARQ feedback enabled/disabled and multiple TBs scheduled by single DCI with/without HARQ bundling, HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled).
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