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Introduction
One of the RAN1-lead objectives in the NTN WID [1], [2] is HARQ enhancements for NTN. Some delay-tolerant re-transmission mechanisms have been identified during the NR NTN study item phase [3]. 

In this contribution, we provide our views on the two topics of HARQ enhancements for NTN: enabling/disabling of HARQ feedback and number of HARQ processes. 
Discussion
Enabling/disabling of HARQ feedback
It was agreed [4] that the enabling/disabling of HARQ feedback is configurable on a per UE and per HARQ process basis. This implies that the enabling/disabling HARQ feedback per HARQ process can be achieved via RRC (re)configuration. For example, RRC configures some HARQ process numbers with HARQ feedback enabled, while other HARQ process numbers with HARQ feedback disabled. The enabling/disabling of HARQ feedback is realized by MAC layer scheduling a proper HARQ process number. 

The semi-static association of HARQ feedback to HARQ process number does not always fit in dynamic conditions. For example, for data with high reliability and relaxed latency requirements, the HARQ feedback should be supported. If this type of data arrives for delivery, but no HARQ process number with configured HARQ feedback enabled is available, then it causes a problem. Hence, it is preferred to support more flexible schemes to enable/disable HARQ feedback. 

One straightforward way is to add a bit field in DCI to indicate whether HARQ feedback is enabled or disabled. However, this approach increases signaling overhead. Another way is to reuse existing fields in DCI. For example, the HARQ feedback is disabled if no PUCCH resource is provided in DCI for downlink scheduling. The RNTI based scheme for dynamic enabling/disabling HARQ feedback can also be considered. For example, a new RNTI is used to indicate HARQ feedback is disabled, or a RNTI mask on different DCI CRC positions to indicate HARQ feedback is disabled. 

Proposal 1: NTN supports dynamic enabling/disabling of HARQ feedback. The HARQ feedback is disabled if HARQ process number is configured with disabled HARQ feedback or if dynamically indicated by layer-1 signaling.

Number of HARQ processes
The maximum number of HARQ processes for NR terrestrial network is 16. In NTN, the long propagation delay has an impact on the required number of HARQ processes. According to [5], the respective minimum required number of HARQ processes for LEO and GEO is 50 and 600 at 15 kHz sub-carrier spacing. To mitigate the large HARQ round trip delay, a large number of HARQ processes is used. 

One may argue that disabling HARQ feedback avoids the stop-and-wait protocol, and hence mitigates the need of increasing HARQ process number. However, the HARQ feedback disabling results in either decreased transmission reliability or decreased spectral efficiency by blind retransmissions or reduced MCS for a lower target BLER level. Hence, in our view, the HARQ feedback disabling is not always applicable. The number of HARQ processes needs to be increased if HARQ feedback is enabled.

On the other hand, increasing the number of HARQ processes may increase HARQ soft buffer size, which is limited by UE capability. Hence, it is preferred not to dramatically increase the number of HARQ processes. As a tradeoff, we propose that the maximum number of HARQ processes for NTN is larger than 16, based on UE capability. 

Proposal 2: The maximum number of HARQ processes for NTN is larger than 16, based on UE capability.

Even with an increased number of HARQ processes, DCI size should not be increased accordingly. This is to maintain the DCI size budget and blind decoding budget. In existing DCI formats, the HARQ process number field is of 4 bits. The same field size should be maintained even if the number of HARQ processes is increased to 32. We prefer to re-interpret DCI fields to indicate up to 32 HARQ process numbers. Specifically, the existing 4-bit HARQ process number field, together another bit field in DCI, are jointly used to indicate HARQ process number. 

One possible solution is that 1 redundancy version (RV) bit is used to indicate the MSB of HARQ process number, and only RV0 and RV3 are used when the supported HARQ process number is 32. One benefit of this scheme is that the soft buffer size per HARQ process is reduced by restricting to RV0 and RV3 at high code rates. Hence, the total soft buffer size over all HARQ processes is not increased even if the number of HARQ processes is increased to 32. 

Proposal 3: The HARQ process number field in DCI is remained to be 4 bits, and DCI fields are re-interpreted to indicate more than 16 HARQ process numbers. 

Conclusion
In this contribution, we provided our views on HARQ enhancements for NTN. Our proposals are as follows: 

Proposal 1: NTN supports dynamic enabling/disabling of HARQ feedback. The HARQ feedback is disabled if HARQ process number is configured with disabled HARQ feedback or if dynamically indicated by layer-1 signaling.

Proposal 2: The maximum number of HARQ processes for NTN is larger than 16, based on UE capability.

Proposal 3: The HARQ process number field in DCI is remained to be 4 bits, and DCI fields are re-interpreted to indicate more than 16 HARQ process numbers. 
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