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Introduction
A RAN3-led Study Item on Rel-16 enhancements for NR-NTN was approved at RAN Plenary #80 [1]. The study item phase has identified HARQ scheduling and re-transmissions aspects for the considered NR-NTN deployment scenarios [2]. Solutions in the satellite and the UE will be required to enable or disable HARQ operations due to long Round Trip Time (RTT) typically experienced in NR NTN deployment scenarios..
RAN2#105 made the following agreement:
· Retransmissions at one or several layers shall be supported for NTN and configurable by the network
· The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission if HARQ is turned off.  FFS the impact on other procedures and how to configure
RAN2#106 agreements:
· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
· Even if HARQ feedback is disabled, the HARQ processes are still configured. 
· Enabling / disabling of HARQ feedback is a network decision. 
RAN2#107 made agreements
· It should be possible to enabled / disabled HARQ feedback semi-statically by RRC signalling
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis
RAN1#97 made the following agreements for disabling HARQ:
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
RAN1#97 made the following agreements for disabling HARQ:
Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size
RAN1#98 made the following conclusion
RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis

This contribution aims to discuss HARQ aspects for satellite deployment.
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HARQ Disabling 
RAN1#97 agreement allow to disable HARQ via RRC configuration. Further, RAN2#107 agreements allow the  network to enable / disable HARQ feedback semi-statically by RRC signalling, where the enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. In case of GEO where RTD can be up to 544.7 ms, it seems reasonable that the network may all completely disable HARQ feedback semi statically for all the UEs and all HARQ processes in the cell. While this is still possible to be done with dedicated signalling for each UE and each HARQ process, it would seem more efficient signalling if common signalling is used. Hence, we make the following proposal.
Proposal 1: The network can disable HARQ feedback semi-statically via common signalling on SIB.
DCI fields that can be removed for Fallback DCI fields for scheduling PDSCH (DCI format 1_0) or scheduling PUSCH (DCI format 0_0) if HARQ is disabled. Compact DCI with reduced DCI fields to reduce L1 overhead and/or increase reliability with lower ECR are illustrated in red in 1 and 2 respectively for PDSCH and PUSCH.  Compact DCI can also be considered for normal DCI formats 1_1 and 0_1.
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[bookmark: _Ref11929181]Table 1: Compact DCI Format 1_0 with HARQ field removed when HARQ disabled in NR-NTN
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[bookmark: _Ref11929190]Table 2: Compact DCI Format 0_0 with HARQ field removed when HARQ disabled in NR-NTN
Other DCI fields may be reduced
· MCS reduced from 5 bits to 4 bits (MCS 0, .., 15 with QPSK or 16QAM only) – limited link budget
· ZP CSI-RS trigger – 0, 1, or 2 bits – limited effectiveness of CL CSI
· TPC command for scheduled PUCCH – 2 bits – limited CL UL PC
· Antenna port(s) – 4, 5, or 6 bits
Default DCI payload is 37-44 bits for format 1_0 and 29-37 bits for format 0_0 not including 24 bit CRC. With HARQ related parameters removed, the compact NTN DCI size is
· 20-27 bits for  fall back DCI format 1_0 to schedule PDSCH 
· 23-30 bits for  fall back DCI format 0_0 to schedule PUSCH
Proposal 2: When HARQ is disabled semi-statically via SIB, HARQ related fields from DCI formats 0_0, 0_1, 1_0, 1_1 can be removed

HARQ Enhancements
Increasing the number of HARQ processes with soft combining enabled
RTT Satellite propagation delay increases scheduling delay. The longer scheduling delay in NR-NTN significantly reduces max data rates for the UE. Assuming the legacy max number HARQ processes of 16 and max HARQ duration THARQ = 16 ms for DL and UL in NR, we observed the following examples:
· For bent-pipe GEO=35786 km, RTT=544 ms, the peak throughput is 2.94% (=16 ms/544 ms * 100) of NR cellular. 
· For bent-pipe LEO=600 km scenario, the peak throughput is 57% (=16 ms/28 ms * 100) of NR cellular.
To maintain similar peak data rates as in cellular, the minimum number of HARQ process, NHARQmin, will need to be increased in NTN scenarios. The minimum number of HARQ processes can be computed from RTT delay, THARQ, as

Table 3 gives shows minimum number of HARQ processes,   for  RTD, , for LEO, MEO, and GEO satellite constellations for SCS=15 kHz. For larger subcarrier spacing SCS = 2k * 15 kHz, the minimum required number of the HARQ processes might be scaled by 2k.
	constellation
	
	 

	Terrestrial
	16ms
	16

	LEO
	50ms
	50

	MEO
	180ms
	180

	GEO/HEO
	600ms
	600


Table 3: Minimum required number of the HARQ processes, , for SCS=15 kHz (TS 38.811).
Assuming 1 layer (instead of 4 layers in NR terrestrial), the maximum throughput of NR-NTN is at least smaller than that for Rel-15 NR by a factor 4. Hence, increasing number of HARQ processes from 16 to 64 (=16*4) may not have any impact on soft buffer requirement. However, it may make HARQ operations more complex and may depend on UE implementation. 
In case reliability of first transmission is high there may be fewer HARQ processes scheduled. With 50 HARQ processes in LEO, if at least half the first transmissions are successfully decoded it may be sufficient to have 32 HARQ processes. The first transmission reliability can be achieved with lower MCS, slot aggregation, etc. 
Due to long RTD of up to 600 ms for GEO scenario, it is preferable to disable HARQ feedback for the cell. With SCS=30 kHz, the number of HARQ processes could be 1200. For LEO, there could be 32 or 64 HARQ processes depending on orbit (600 km or 1200 km) and SCS (15 kHz or 30 kHz).  
Observation 1: The number of HARQ processes can be greater than 16 with no increase in soft buffer size requirements compare to NR terrestrial assuming one layer only is supported in NTN.
Observation 2: A higher first transmission reliability can reduce the need for greater than 16 HARQ processes in NTN.
Proposal 3: The number of layers supported in NR NTN is one.
Proposal 4: Whether the number of HARQ processes X is greater than 16 is a UE capability. 
· FFS X = {32, 64}
The HARQ process ID is indicated in the DCI using a 4-bit field, which allows to support up to 24 = 16 HARQ processes. In GEO with NR numerology μ=3 up to 4800 HARQ process IDs need to be indicated in a 13-bit field in the DCI. This requires 9 additional bits in DCI compare to release 15. For LEO, using 32 or 64 HARQ process requires 1 or 2 additional bits. To ensure backward compatibility, we have preference not to extend fallback DCI 0_0 and 1_0 to ensure backward compatibility.
Proposal 5:  For backward compatibility, the HARQ process ID field in fallback DCI 0_0/1_0 should not be extended to accommodate more than 16 HARQ processes. 
Support of HARQ processes with no soft combining requirement
If number of HARQ processes is greater than 16, part of the HARQ processes could be configured with soft combining requirement while the remaining part of the HARQ processes could be without soft combining. One possibility, is for the UE to dedicate the HARQ soft buffer to processes with failed reception only. Assuming a BLER target of 10%, on average only ~1/10 of the receptions require soft buffering. Therefore in most cases such a strategy would guarantee that soft buffering is applied even with a 1/10 the maximum soft buffer size requirement. However, for extreme cases when all the HARQ processes are used and the BLER is >10% for example due to deep fading, this strategy would fail.
Consider 2 pools of HARQ processes as shown in Figure 1. Pool#1 with soft combining requirement and Pool#2 without soft combining requirement. The gNB can maximize the spectral efficiency by scheduling HARQ processes in Pool#1, while it is up to the UE implementation to do soft combining in case HARQ processes in Pool#2 are scheduled. The size of the 2 pools can be configured using the number of HARQ processes with soft combining requirement N1_HARQ_Soft_Combining in addition to the total number of HARQ processes N. On reception of the DCI if the HARQ process ID is < N1_HARQ_Soft_Combining then the UE is required to apply soft combining, otherwise soft combining is not required.
Observation 3: For very large RTD, support of HARQ processes with no soft combining requirement can be considered to avoid increasing the soft buffer size 
Proposal 6: In addition to HARQ processes with soft combining requirements, additional HARQ processes with no soft combining requirement can be supported
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Figure 1: Use of 2 Pools HARQ processes with and without soft combining requirements

Slot aggregation with self-decodable RV
The removal of soft buffering requirements for HARQ processes of Pool 2, would mean that retransmissions which are not self-decodable do not improve performance if soft combining is not applied by the UE side. As observed in [4, 5], code restrictions apply to RV2 and RV3 due to significant loss in performance.
For block size BG1 = 4224 bits,
· RV0 is self-decodable for rates <= 0.95
· RV3 is self-decodable for rates < 0.935
· RV2 is self-decodable for rates < 0.5
For block size BG2 = 2560 bits
· RV0 is self-decodable for rates <= 0.935 
· RV3 is self-decodable for rates <= 0.7
· RV2 is self-decodable for rates<=1/3

Hence, RV0 is by design self-decodable for all applicable coding rates, RV1 is not self-decodable. For slot aggregation with RV cycling, in order not to lose performance the cycling has to be restricted to either ‘RV0’ or ‘RV0 and RV3’. The code restrictions for use RV2 seem too high. 
Observation #4: retransmissions which are not self-decodable do not improve performance if soft combining is not applied by the UE side. 
Observation #5: when soft combining required is applied, RV0 followed by RV3 are preferred for self-decodability.
Proposal #7: When slot aggregation is used with HARQ processes with no soft combining requirements, RV cycling should be disabled with RV fixed to RV0, or enabled only with the cycling over ‘RV0 and RV3’ only.
Larger slot aggregation
The removal of soft buffering requirements for HARQ processes of Pool 2 would mean that HARQ soft combining gain is not possible. In NR Rel-15 slot aggregation of up to 8 slots with RV cycling is already supported and can be used for NTN. In case HARQ soft combining is not required, larger aggregation factors such as 16 or 32 can be considered to improve reliability.
Proposal #8: Larger slot aggregation factors 16 or 32 can be used.
DMRS time domain bundling for slot aggregation
In NTN, if UE is in very low SNR conditions, the use of slot aggregation allows to achieve lower effective coding rate. However in these low SNR conditions channel estimation error leads to large performance degradation.
DMRS time domain bundling over the aggregated slots can allow cross slot channel estimation to improve the channel estimate quality. This is achievable for slot aggregation where the frequency allocation across the aggregated slots is the same, and comes at no cost for NTN since the Tx precoder is unlikely to change across the different slots because of limited number of Tx antennas in NTN scenarios (1 or 2 Tx antennas) and the absence of multi-paths at the satellite side in case of the DL. 
Observation #6: The use of cross slot channel estimation in slot aggregation allows to improve coverage and robustness of NTN communication.
Proposal 9: Support of DMRS time domain bundling for slot aggregation.

Conclusion
In this contribution, we discussed Delay-tolerant re-transmission mechanisms in NR-NTN. We made the following observations and proposals.
HARQ Disabling
Proposal 1: The network can disable HARQ feedback semi-statically via common signalling on SIB.
Proposal 2: When HARQ is disabled semi-statically via SIB, HARQ related fields from DCI formats 0_0, 0_1, 1_0, 1_1 can be removed
HARQ Enhancements
Increasing the number of HARQ processes with soft combining enabled
Observation 1: The number of HARQ processes can be greater than 16 with no increase in soft buffer size requirements compare to NR terrestrial assuming one layer only is supported in NTN.
Observation 2: A higher first transmission reliability can reduce the need for greater than 16 HARQ processes in NTN.
Proposal 3: The number of layers supported in NR NTN is one.
Proposal 4: Whether the number of HARQ processes X is greater than 16 is a UE capability. 
· FFS X = {32, 64}
Proposal 5:  For backward compatibility, the HARQ process ID field in fallback DCI 0_0/1_0 should not be extended to accommodate more than 16 HARQ processes. 
Support of HARQ processes with no soft combining requirement
Observation 3: For very large RTD, support of HARQ processes with no soft combining requirement can be considered to avoid increasing the soft buffer size 
Proposal 6: In addition to HARQ processes with soft combining requirements, additional HARQ processes with no soft combining requirement can be supported
Observation #4: retransmissions which are not self-decodable do not improve performance if soft combining is not applied by the UE side. 
Observation #5: when soft combining required is applied, RV0 followed by RV3 are preferred for self-decodability.
Proposal #7: When slot aggregation is used with HARQ processes with no soft combining requirements, RV cycling should be disabled with RV fixed to RV0, or enabled only with the cycling over ‘RV0 and RV3’ only.
Larger slot aggregation
Proposal #8: Larger slot aggregation factors 16 or 32 can be used.
DMRS time domain bundling for slot aggregation
Observation #6: The use of cross slot channel estimation in slot aggregation allows to improve coverage and robustness of NTN communication.
Proposal 9: Support of DMRS time domain bundling for slot aggregation.
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