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In the RAN#88e plenary meeting, an updated work item for Rel.17 NR NTN was approved. The objective is to specify the following enhancements to NR NTN.

Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

In this contribution, detailed considerations of HARQ enhancement for NTN, especially HARQ process number and HARQ feedback enabling/disabling configuration are presented.

Discussion
In NTN, the maximum RTT (round trip time) is 541.14ms for GEO (at 35786 km altitude) and 25.76/41.75ms for LEO (at 600/1200 km altitude) transparent satellite. In order to avoid reduction in peak data rates, possible solutions are proposed in NTN SI stage [1]. One solution is to increase the number of HARQ processes to match the longer round trip delay. Another solution is to disable HARQ feedback for PDSCH to avoid stop-and-wait in HARQ procedure and rely on RLC ARQ for reliability.
HARQ process number
In NR, up to 4-bit HARQ process number field in DCI is used to indicate the HARQ process ID, which supports up to 16 HARQ processes. However, for NTN scenario, the number of HARQ processes needs to be further extended according to the long RTT delay. For example, assuming 15kHz reference subcarrier spacing, the minimum required number of the HARQ processes for GEO and LEO will be 600 and 50, respectively. 
Proposal 1: Support more than 16 HARQ process number in NTN to match long RTT delay.
In order to support more than 16 HARQ process in NTN, the following solutions can be considered for HARQ process number indication in DCI dynamically:
· Option 1: HARQ process field extension
The size of HARQ process field is determined by supported HARQ process number. If the supported HARQ process number is extended to [32], a straightforward way is to extend the bit of HARQ process field to [5], which may increase the DCI size and degrade the coverage/reliability of PDCCH. If the supported HARQ process number is much larger than 16, impact to PDCCH coverage/reliability will be more serious
· Option 2: HARQ process ID tied to SFN/slot number
Instead of explicitly indicating the HARQ process ID in DCI, HARQ process ID is tied to SFN/slot number, as in synchronous HARQ. For example, ‘MSB’ of HARQ process number is derived by slot index of PDSCH/PUSCH/PDCCH (nslot) transmission, and ‘LSB of HARQ process number is indicated by DCI to leave some flexibility of scheduling. For a UE configured with supported HARQ process number M, the HARQ process ID is shown in Figure 1.
HARQ process ID = 16 * (nslot%(M/16)) + HARQ process field value
[image: ]
Figure 1 HARQ process number extension (M=32)
· Option 3: Reuse HARQ process ID within RTT 
The time period corresponding to RTT or a configured period is divided to multiple segments. The same HARQ process ID set are used for TBs in the same segment. The failed TBs is retransmitted in the same segments during the next period. For example, ‘MSB’ of HARQ process number is derived by segment index of PDSCH/PUSCH/PDCCH (nsegment), and LSB of HARQ process number is indicated by DCI to leave some flexibility of scheduling. For UE configured with supported HARQ process number M and configured with period of 32ms, the HARQ process ID is shown in Figure 2.
HARQ process ID = 16 * nsegment + HARQ process field value
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Figure 2 HARQ process number extension (M=32)
Option 1 needs more DCI bit to support extended HARQ process number and option 3 leads to large scheduling/retransmission delay. To minimize the specification impact, we slightly prefer option 2 to support HARQ process number tied to SFN/slot index of PDCCH/PUSCH/PDSCH.
Proposal 2: The HARQ process number is tied to SFN/slot index of PDCCH/PUSCH/PDSCH.

Regarding the HARQ soft buffer size, supporting more than 16  HARQ process number will lead to larger buffer size at both gNB and UE side for data collection. However, in NTN system, the impact of soft buffer is negligible since current UE capability is able to support large data rate in terrestrial network, and for NTN networks, there are some special features: 
1) Single layer transmission is the most usage/scenarios since UE is dominated by LoS condition between satellite and UE due to the nature of satellite beams, and only one antenna port is used as typical configuration, which requires lower soft buffer compared to terrestrial network with 4 layers supported for typical NR UE downlink transmission.
2) Due to limited peak throughput, only lower MCS and single CC will be considered, e.g., up to 16 QAM for most cases, which requires lower soft buffer.
Even so, UEs with different capabilities have different soft buffer sizes. The gNB can configure different HARQ processes numbers based on UE capability.
Proposal 3: Different numbers of HARQ processes is configured based on UE capability.

HARQ feedback enabling/disabling
In TR38.821, HARQ feedback enabling/disabling is proposed to solve the problem of long round-trip delay and soft buffer size. From RAN2 agreeements, HARQ feedback process disabling is configured per UE and per HARQ process. Regarding per HARQ process disabling configuration, a HARQ ID subset is configured to UE as HARQ feedback disabling set, then UE can assume HARQ ID belonging to this subset should be associated with no HARQ feedback, otherwise HARQ feedback is assumed to be transmitted in indicated slots. 
Proposal 4: UE assume the HARQ feedback disabling when HARQ ID belongs to the RRC configured HARQ process disabling subset.
In case of HARQ feedback disabling,  enhancement to data channel transmission is discussed in SI stage [1], for example possible enhancements for slot-aggregation or blind repetitions transmission of the same TB without waiting for HARQ feedback, and they can be considered in WI stage. 
For NTN, considering the long RTT propagation time, multiple transmissions in consecutive or interlaced slots can be considered. For consecutive repetitions transmission, similar design has been proposed in URLLC with higher layer signaling pdsch-AggregationFactor and dynamic signaling, similar enhancement can also be considered in NTN, especially for HARQ disabling case with reliability enhancements requirement. For interlaced transmission, the motivation is that NTN system will have residual doppler shift in most of time, so the time interlaced slot aggregation will achieve the time diversity gain. The network can configure the slot interval and the repetition number to the UE. 
Proposal 5: The multiple transmissions of same TBs in consecutive or interlaced slots can be considered when HARQ is disabled.
If the HARQ is disabled by RRC signaling, it needs further study whether some  fields should be kept or not, for example, NDI, RV, DAI, TPC command for scheduled PUCCH, PUCCH resource indicator, PDSCH-to-HARQ feedback timing indicator. If blind retransmission without waiting for the HARQ feedback is supported if HARQ is disabled, HARQ soft buffer should be reserved for chase combining or IR. As discussed above, the number of slots (i.e. PDSCHs) for blind retransmission is indicated by RRC configuration pdsch-AggregationFactor. The additional repetition transmission number and interlace transmission interval can be indicated in corresponding DCI when HARQ process is disabled.
Proposal 6: Repetition transmission number and interlace transmission interval can be indicated in corresponding DCI when HARQ process is disabledg.

Conclusions
In this contribution, HARQ enhancement for NTN, especially HARQ process number and HARQ feedback enabling/disabling configuration are provided. The following proposals are given:
Proposal 1: Support more than 16 HARQ process number in NTN to match long RTT delay.
Proposal 2: The HARQ process number is tied to SFN/slot index of PDCCH/PUSCH/PDSCH.
Proposal 3: Different numbers of HARQ processes is configured based on UE capability.
Proposal 4: UE assume the HARQ feedback disabling where HARQ ID belongs to the RRC configured HARQ process disabling subset.
Proposal 5: The multiple transmissions of same TBs in consecutive or interlaced slots can be considered when HARQ is disabled.
Proposal 6: Repetition transmission number and interlace transmission interval can be indicated in corresponding DCI when HARQ process is disabled.
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