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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:

Agreement
For Option 3 DCI indication:
· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration
· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
· FFS for multiple TBs scheduled by single DCI
· Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission
· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI

[bookmark: _Hlk133492071]Agreement
For single TB scheduled by DCI, for DCI-based direct indication, down select one of the following based on the criteria DCI overhead, PDCCH monitoring behavior, impact on scheduling flexibility, UE implementation complexity, etc
· Option 1: Indication by adding one field in DCI (e.g., 1-bit) 
· Note: Other fields in DCI are the same as legacy.
· Option 2: Indication by reusing/reinterpreting existing field in DCI
· Option 2A: HARQ-ACK related field 
· 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
· 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
· Option 2B: MCS or repetition number field
· Reduce 1bit of legacy MCS or repetition number field and add 1bit new field in DCI format 6-1B and N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced MCS or repetition number field
· Option 2C: HARQ-ACK related field v2
· For eMTC CE mode B, reduce 1bit of legacy “HARQ-ACK resource offset” field and add 1bit new field in DCI format 6-1B to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource offset” field
· For NBIoT, reduce 1bit of legacy “HARQ-ACK resource” field and add 1bit new field in DCI format N1 to indicate the HARQ feedback enabled/disabled
· FFS: detailed for interpreting of the reduced “HARQ-ACK resource” field
· Option 2D: Other indication by reusing/reinterpreting existing field


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 solution have been agreed.
Agreement
For Option 3 DCI indication:
· Option A: when both per-HARQ process bitmap and DCI solution enabling/disabling signaling are configured
· DCI-based overridden mechanism is DCI signaling to reverse the HARQ feedback enable/disable for the corresponding transmission from per-HARQ process RRC configuration
· For single TB scheduled by DCI, the DCI based overridden indication is applied to one of the following options (to be down-selected):
· Option A-1: only applied to semi-statically HARQ disabled processes
· Option A-4: applied to both semi-statically HARQ disabled and enabled processes
· FFS for multiple TBs scheduled by single DCI
· Option B: DCI-based HARQ enabling/disabling direct indication in case DCI solution enabling/disabling signaling is configured and per-HARQ process bitmap signaling is not configured (i.e. no bitmap is configured)
· DCI-based mechanism is DCI signaling to directly indicate the HARQ feedback enable/disable for the corresponding transmission
· For single TB scheduled by DCI, DCI-based direct indication is applied to the scheduled TB
· FFS for multiple TBs scheduled by single DCI

RAN2 raised the discussion on the RRC signaling (e.g. per UE or per HARQ process) to enable the DCI-based solution in RAN2-121bis-e.
· Per UE: if RRC signaling configures Option 3 will be used to configure the HARQ feedback state, the HARQ feedback state of all the HARQ process of the UE can be configured by DCI. 
· Per HARQ process: if RRC signaling configures Option 3 will be used to configure the HARQ feedback state of a specific HARQ process, only the HARQ feedback state of the specific HARQ process of the UE can be configured by DCI
With the discussion, RAN2 have achieved the following agreement
Wait for RAN1’s decision on the RRC signalling of enabling DCI-based solution to indicate HARQ feedback enabled/disabled, and the signalling granularity, e.g. per UE or per HARQ process.
Since RAN1 has agreed to support RRC signaling to enable the DCI-based solution, and regarding the granularity of the configuration (e.g., per UE or per HARQ process), from RAN1’s view, there is no need to support per HARQ process configured (e.g., before the DCI detection, UE is not expected to have the knowledge of the HARQ process number and corresponding HARQ feedback enabling/disabling information), it is sufficient to introduce a single bit for this configuration, which is aligned with current RAN1 agreement above.
Proposal 1: DCI solution enabling/disabling signaling is configured per UE (e.g., single bit configuration).
Regarding the DCI-based overridden mechanism applied to both semi-statically HARQ enabled and disabled processes in Option A-4 or only applied to semi-statically HARQ disabled processes in Option A-1, it is better to leave more flexibility for gNB to update the HARQ enabling/disabling configuration for corresponding transmission for both types HARQ enabled and disabled processes if additional signaling enabled. Furthermore, if DCI-based overridden mechanism applied to both semi-statically HARQ enabled and disabled processes, it is easier to align the DCI based solution for override mechanism and DCI based solution for explicit HARQ enabling/disabling indication if RRC based HARQ enabling/disabling is not configured. 
Proposal 2: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes for single TB scheduled by DCI.
Regarding the DCI-based solution to override RRC based configuration for corresponding transmission for multiple TBs scheduled by single DCI, considering the DCI overhead for overridden indication, it is preferred that the overridden indication (e.g., 1-bit indication) in DCI is adopted to all scheduled HARQ processes (Note in case of mixed HARQ enabling/disabling scheduling by single DCI, it is preferred that the overridden indication in DCI is only adopted to all scheduled [enabled/disabled] HARQ processes, which avoid making the HARQ enabling/disabling configuration complicated). Furthermore, for the DCI-based solution to direct indication of HARQ enabling/disabling if RRC based default HARQ enabling/disabling is not configured, the indication of HARQ enabling/disabling (e.g., 1-bit indication) is also adopted to all scheduled HARQ processes.
Proposal 3: Indication to override RRC based configuration for corresponding transmission for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes (Note in case of mixed HARQ enabling/disabling scheduling by single DCI, it is preferred that the overridden indication in DCI is only adopted to all scheduled [enabled/disabled] HARQ processes).
Proposal 4: Direct indication of HARQ enabling/disabling for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes.
Regarding the Option 3 DCI based indication, the following potential indication methods were agreed for candidate. 
· Option 1: Indication by adding one field in DCI
· Option 2: Indication by reusing/reinterpreting existing field in DCI
In order to save the DCI size and align the design of RRC configuration with additional DCI overridden/indication and without additional DCI overridden/indication, Alt 2 that reusing/reinterpreting existing field in DCI is a good choice, e.g., reusing one state of HARQ ACK/NACK resource field (one of the state of the 2-bit HARQ-ACK resource offset field (for eMTC) or 4-bit HARQ-ACK resource field (for NB-IoT)) or reinterpreting other spare states of field (e.g., state “1110” of MCS field for NBIoT and any state “1010-1111” of MCS field for eMTC CEMode B) to indicate HARQ enabling/disabling or override the HARQ enabling/disabling configuration for corresponding transmission as Option 2A.
Proposal 5: For DCI based indication, reusing/reinterpreting existing fields in DCI can be supported as Option 2A.

2.2 Multiple TB scheduling
Multiple TB scheduling is introduced in Rel.16 eMTC and NBIoT for peak data rate increase. 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 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 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 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 6: For 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).
2.3 UL multiple TB scheduling
For Rel-18 IoT NTN’s HARQ enhancements, RAN2 has agreed to introduce HARQ mode A and HARQ mode B for UL HARQ operation. To facilitate RAN2’s work, RAN2 hopes to seek answers from RAN1 for the following questions.
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
In order to align the design of DL and UL, there is no need to make the scheduling restriction for eNB to make the scheduled TB all enabled or all disabled, based on that, from RAN1 perspective, all three cases should be supported for eMTC and NB-IoT.
Proposal 7:  In RAN1’s view, although corresponding discussion for DL multiple TB scheduling is still on-going, to facilitate the eNB scheduling, all three cases in R2-2304274 should be supported for eMTC and NB-IoT.

3. Conclusions
In this contribution, considerations of HARQ enhancement for IoT NTN are provided. The following proposals are present: 
Proposal 1: DCI solution enabling/disabling signaling is configured per UE (e.g., single bit configuration).
Proposal 2: DCI-based overridden mechanism is applied to both semi-statically HARQ enabled and disabled processes for single TB scheduled by DCI.
Proposal 3: Indication to override RRC based configuration for corresponding transmission for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes (Note in case of mixed HARQ enabling/disabling scheduling by single DCI, it is preferred that the overridden indication in DCI is only adopted to all scheduled [enabled/disabled] HARQ processes).
Proposal 4: Direct indication of HARQ enabling/disabling for multiple TBs scheduled by single DCI is adopted to all scheduled HARQ processes.
Proposal 5: For DCI based indication, reusing/reinterpreting existing fields in DCI can be supported as Option 2A.
Proposal 6: For 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).
Proposal 7:  In RAN1’s view, although corresponding discussion for DL multiple TB scheduling is still on-going, to facilitate the eNB scheduling, all three cases in R2-2304274 should be supported for eMTC and NB-IoT.
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