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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#102 e-meeting, the following agreements on HARQ enhancement were made [1]:
	[bookmark: _Hlk50369357]Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling


In this contribution, we provide some considerations on HARQ enhancement for HARQ number and disabling/enabling HARQ feedback in NR-NTN.
2. Discussion
2.1. Enhancement for HARQ process number
In RAN1 #102e, the maximal supported HARQ process number is extended to up to 32 to solve the HARQ performance reduction resulted by the larger propagation delay. For UEs supporting NTN, the maximal 32 HARQ process number would be supported.
With the extension maximal number of HARQ processes, to ensure the compatibility with the existing NR protocols, it is agreed to minimize the impacts on the specification and scheduling. There are two possible solutions to configure the HARQ process number larger than 16, one is using implicit signalling, and another is re-interpreting the existing DCI fields.
For the implicit signalling, the HARQ process number can be associated with the SFN/slot number. One simple solution is that the slot index carrying the corresponding transmission can be used to indicate the MSB or LSB of the HARQ process number, for example:
 or 
However, there are some restrictions on the scheduling flexibility using the slot-based HARQ number indication, resulting in performance reduction. 
For the re-interpreting existing DCI fields, one possible solution is that the field for transport block 2 indication can be re-interpreted to indicate the extension of HARQ process number. Since in NTN, considering the almost LOS transmission environment, maybe only single layer transmission be applied. For example, if the reserved MCS is indicated for the transport block 2, the RV or NDI can be used to indicate the MSB of the HARQ process number, and there is no impact on the scheduling flexibility and DCI detection performance. 
Proposal 1: Support re-interpreting existing DCI field to indicate the extension of HARQ process number for NTN.
2.2. Transmission enhancement for disabling HARQ 
In NTN, due to the large propagation latency and supported HARQ process number, the disabled HARQ is introduced. The NTN network does not need to wait for UE’s HARQ-ACK feedback before it can schedule the disabled HARQ processes again to decrease the packet delivering latency. For the disabled HARQ process, some enhancement schemes can be studied to improve the reliability and the latency. In [2], some solutions were summarized and discussed. 
Applying the lower target BLER MCS table is a straightforward way to improve the transmission reliability. Considering the large propagation delay, for some use case of NTN, such as disaster emergency service, one-shot transmission maybe an efficiency scheme considering the timeliness of the message. It is noted that in Rel-15/16 URLLC feature, the lower target BLER is allowed. Considering the URLLC performance requirement, the MCS table for URLLC was designed with the 10e-5 target BLER. However, the URLLC reliability requirement maybe too high for the NTN with some use cases. Moreover, the 10e-5 target BLER may cause poor scheduling efficiency and unacceptable latency for some large size traffic packet of NTN. For the use cases, such as disaster emergency service and eMBB service, the transmission schemes and target BLER can be different due to the requirement of reliability, so different MCS tables for NTN should be applied for different use cases. 
Observation 1: Considering different target BLER MCS tables for different use cases is benefit to NTN.
[bookmark: _Hlk53589314][bookmark: _Hlk53589288]For slot aggregation, it’s also a Rel-15 feature, so it is natural to regard it as the baseline to improve the reliability of NTN. The aggregated slot mode and the aggregation factor need to be delicately designed to satisfy the performance requirement for NTN and to avoid the waste of resource and unnecessary latency for some emergency message. The time interleaved slot aggregation scheme can be considered to increase the reliability, meanwhile to reduce the latency for the larger packet size cases. Considering the available resource, MCS table and packet size, the NTN network can decide the time interval and aggregation factor. For example, according to the available resource, packet size and MCS table, if the packet can be transmitted by 4 HARQ processes, then the slot interval can be 4 and if the AMC target BLER is 10%, the aggregated factor can be 2 to get less than 1% transmission error.
Observation 2: Consider time interleaved slot aggregation for NTN.
- the slot interval depends on the traffic packet size and transmission scheme.
[bookmark: OLE_LINK2][bookmark: OLE_LINK10][bookmark: _Hlk53592504]In other hand, the transmission condition for each NTN scenario maybe significantly different, for example, in GEO case, due to the large distance, the UE will suffer from very low SINR, while the SINR maybe higher in LEO case. So for different NTN scenarios, different MCS tables and different aggragation factors should be applied.
Observation 3: Considering different MCS tables and different aggregation factors for different NTN scenarios is benefit to NTN.
Proposal 2:  Support different MCS tables and different aggregation factors for different NTN use cases and scenarios.
With the disabled HARQ-ACK feedback, the network cannot know whether the MCS and aggregation factor are appropriate in terms of reliability and efficiency. One solution with minimum impacts on specification is that at least one HARQ process is enabled and scheduled in some period, and then the network can adjust the MCS or aggregation factor according to the relevant HARQ-ACK feedback. It’s up to implementation and there is no impact on specification. On the other hand, for some MAC CE signals, without the HARQ-ACK feedback, some misunderstanding between network and UEs may happen. So it’s beneficial to transmit those MAC CE signals with the enabling HARQ.
Proposal 3: At least one enabled HARQ process should be configured for NTN.
2.3. HARQ-ACK codebook enhancement for disabling HARQ 
[bookmark: OLE_LINK5][bookmark: OLE_LINK9]Due to the disabling/enabling HARQ on a per HARQ process mode, the HARQ-ACK codebook scheme with disabling HARQ should be clarified. For Type-2 HARQ-ACK codebook, a straightforward way is that UE does not feedback the disabled HARQ processes, and DAI is not counted for a PDCCH which is scheduling the disabled HARQ process. For Type-1 HARQ-ACK codebook, a straightforward way is that UE does not change the HARQ-ACK determination scheme. If all the HARQ processes within the [image: ] occasions are disabled, this HARQ-ACK feedback can be omitted. If both enabled and disabled HARQ processes within the [image: ] occasions are transmitted, one simple approach is to insert ACK or NACK depending on the decoding results of the PDSCHs in the positions corresponding to the PDSCHs associated with the disabled HARQ processes. In our understanding, one of the motivations of disabling HARQ is to reduce the re-transmission latency, and the ACK information is also meaningful for the network to adjust the scheduling strategies, such as MCS and aggregation factor.
Proposal 4: Support to report HARQ-ACK for disabled DL HARQ processes if enabled HARQ process(es) is within the [image: ]occasions for type-1 HARQ-ACK codebook.
3. Conclusion
In this contribution, we provide our views on HARQ enhancement for NR-NTN with the following observations and proposals:
Observation 1: Considering different target BLER MCS tables for different use cases is benefit to NTN.
Observation 2: Consider time interleaved slot aggregation for NTN.
- the slot interval depends on the traffic packet size and transmission scheme.
Observation 3: Considering different MCS tables and different aggregation factors for different NTN scenarios is benefit to NTN.
Proposal 1: Support re-interpreting existing DCI field to indicate the extension of HARQ process number for NTN.
Proposal 2:  Support different MCS tables and different aggregation factors for different NTN use cases and scenarios.
Proposal 3: At least one enabled HARQ process should be configured for NTN.
Proposal 4: Support to report HARQ-ACK for disabled DL HARQ processes if enabled HARQ process(es) is within the [image: ] occasions for type-1 HARQ-ACK codebook.
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