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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, 3]. 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..
This contribution aims to discuss HARQ aspects for satellite deployment.
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HARQ Optimization for NR NTN
In satellite system, larger values of RTT can be typically experienced due to the large propagation delay between the UE and the satellite. The RTT depends on the satellite orbit and elevation angle of the beam spot within the satellite cell as shown in Table 1 and 2.
	 
	 
	LEO at 600 km
	LEO at 1500 km
	MEO at 10000 km

	Elevation angle
	Path
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)
	Distance D (km)
	Delay (ms)

	UE: 10°
	satellite - UE
	1932.24
	6.440
	3647.5
	12.158
	14018.16
	46.727

	GW: 5°
	satellite - gateway
	2329.01
	7.763
	4101.6
	13.672
	14539.4
	48.464

	90°
	satellite - UE
	600
	2
	1500
	5
	10000
	33.333

	Bent pipe satellite

	One way delay
	Gateway-satellite_UE
	4261.2
	14.204
	7749.2
	25.83
	28557.6
	95.192

	Round Trip Delay
	Twice 
	8522.5
	28.408
	15498.4
	51.661
	57115.2
	190.38

	Regenerative satellite

	One way delay
	Satellite -UE
	1932.24
	6.44
	3647.5
	12.16
	14018.16
	46.73

	Round Trip Delay
	Satellite-UE-Satellite
	3864.48
	12.88
	7295
	24.32
	28036.32
	93.45


Table 1: Propagation delays for different NGSO satellites (altitude and payload types)

	 
	 GEO at 35786 km

	Elevation angle
	Path
	D (km)
	Time (ms)

	UE :10°
	satellite - UE
	40586
	135.286

	GW : 5°
	satellite - gateway
	41126.6
	137.088

	90°
	satellite - UE
	35786
	119.286

	Bent Pipe satellite

	One way delay
	Gateway-satellite_UE
	81712.6
	272.375

	Round trip Time
	Twice
	163425.3
	544.751

	Regenerative Satellite

	One way delay
	Satellite -UE
	40586
	135.286

	Round Trip Time
	Satellite-UE-Satellite
	81172
	270.572


Table 2: Propagation delays for GEO satellite at 35786 km
UE operating in GEO satellite access networks can experience a one-way propagation time of 240 ms at the minimum, 270 ms at the maximum between UE and satellite base station or an RTT of 544 ms maximum for bent pipe satellite. For the LEO satellite systems with typical 600 km orbit, the one way propagation delay changes continuously between 2 ms when the satellite is directly above, and 7 ms when the satellite is seen with 10° elevation. The maximum RTT is about 28 ms for a bent pipe satellite.

RTT Satellite propagation delay increases scheduling delay, which reduces max data rates for the UE assuming the legacy max number HARQ processes of 16 for DL and UL in NR. Assuming 16 HARQ processes, the available peak throughput in the bent-pipe GEO satellite deployment is 3.2% (=16/500*100) of NR terrestrial peak throughput. For bent-pipe MEO=10000 km scenario, the available peak throughput is around 8.4% (=16/190*100) of NR terrestrial peak throughput. For bent-pipe LEO=600 km scenario, the available peak throughput is around 57% (=16/28*100) of NR terrestrial peak throughput. 
Reduction in max data rates can be avoided with increased soft buffer size and higher number of HARQ processes. The minimum required number of HARQ processes can be computed directly from the RTT delay of each satellite constellation, e.g., LEO, MEO and GEO, using the following formula below from [2].  For example, NHARQ-min ≥ 28 with THARQ = 28 ms for satellite deployment with LEO=600 km where RTT can be 28 ms and Tslot = 1ms assuming NR numerology μ=0. Figure 1 illustrates the HARQ timing diagram for THARQ , Tslot , and processing times in the UE and the gNB for the DL. 
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Figure 1: Timing diagram of a single HARQ process for a NTN with a single bent-pipe satellite in the link [2]
Table 3 gives an overview of the number of HARQ processes, , based on different values (including the RTT) for different satellite constellations, LEO (1500 km), MEO (10000 km), and GEO (35786 km). For larger subcarrier spacing (SCS), i.e., 2k * 15 kHz, the min. required number of the HARQ processes might be scaled by 2k.

	constellation
	Max. 
	 processes for 1 ms slot operation
	UE side feasibility

	Terrestrial
	16ms
	16
	Feasible (Rel. 15)

	LEO
	50ms
	50
	Feasible (with HARQ extension)

	MEO
	180ms
	180
	FFS (impact on TBS/MCS)

	GEO/HEO
	600ms
	600
	FFS (impact on TBS/MCS)


Table 3: The minimum required number of the HARQ processes, , assuming a 1ms slot duration for 15 kHz* reference subcarrier-spacing
The number of HARQ processes required can be up to 600 in GEO satellite deployment. The DCI is indicated per HARQ process per slot in a 4-bit field in NR specifications. Up to 6 additional bits in DCI will be needed to indicate the HARQ process ID. The HARQ RTT can be up to 544 ms for GEO satellite deployment, which means a packet may take up to several seconds to be transmitted with several HARQ re-transmissions. Another drawback is the soft buffer size requirement for the UE and the gNB may increase depending on bandwidth assumption and number of layers. For these reasons, it seems not practical to support HARQ in GEO satellite scenarios where the network should at least have the option to disable HARQ semi statically via RRC configuration. Use of HARQ may be more practical for LEO and MEO satellite deployments. 
Observation 1: The soft buffer size requirement for the UE and the gNB may increase with higher number of HARQ processes depending on bandwidth assumption and number of layers in NR-NTN.
Proposal 1: Mechanisms to avoid soft buffer size is exceeded with larger number of HARQ processes configured for NR-NTN when HARQ is enabled in NR-NTN are for further study.
Proposal 2: The network can at least disable HARQ semi-statically.

RLC AM when HARQ is disabled in NR-NTN
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 agreement allows to semi-statically disable HARQ on the DL, since there is no UL feedback. If there is no UL HARQ Ack/Nack feedback in PUCCH for corresponding DL transmission on PDSCH, retransmission at RLC layer (i.e. RLC ARQ) may be required to meet reliability requirements.
Re-transmission of DL packets at RLC layer requires to transmit RLC UL ACK on PUSCH in RLC AM - i.e. UL feedback is needed. Note that this is not a MAC-layer UL HARQ feedback. Transmission of the RLC UL ACK can take place by:
· Piggybacking on an UL TB (configured or dynamic grants)
· By triggering an SR with the feedback sent in the following UL grant
· By triggered CBRA with the feedback included in msg3 or msg5.
MAC layer re-transmission uses UL HARQ Ack-Nack Feedback linked to HARQ process ID in DCI. The maximum DL Time domain resource assignment is K0 =32 slots for scheduling delay between PDCCH and corresponding PDSCH. The PDSCH-to-HARQ_feedback timing indicator is a 3-bit field in DCI Format 1_0 or 1_1 that indicates scheduling delay between PDSCH and corresponding UL HARQ Ack/Nack feedback in PUCCH.
· This field has value 0, 1, .., 8 and provides index to a configuration table for the PUCCH resources including K1
· The maximum K1 value specified scheduling delay to transmit HARQfeedback on PUCCH is 15 slots (i.e. 15 ms with μ=0)
The starting symbol S relative to the start of the slot, and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV.
Semi-Static disabling of HARQ:
Semi-Static disabling of HARQ can be done simply by setting a new RRC 1-bit field ntnHARQdisabled flag to indicate HARQ is disabled via
· Common signalling broadcast in System Information Block
· Dedicated signalling Dedicated Information Element
The UE behaviour can be specified to not transmit UL HARQ Ack/Nack in PUCCH if ntnHARQdisabled flag is set.
Proposal 3: Semi-Static disabling of HARQ can be done by setting a new RRC 1-bit field ntnHARQdisabled flag to indicate HARQ is disabled via
· Common signalling broadcast in System Information Block
· Dedicated signalling Dedicated Information Element
Compact DCI in NR-NTN when HARQ is disabled:
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 Table 4 and Table 5 respectively for PDSCH and PUSCH.  Compact DCI can also be considered for normal DCI formats 1_1 and 0_1.
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Table 4: Compact DCI Format 1_0 with HARQ field removed when HARQ disabled in NR-NTN
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Table 5: Compact DCI Format 0_0 with HARQ field removed when HARQ disabled in NR-NTN
Other DCI fields may be reduced
· Modulation and coding scheme 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. If only removing HARQ related parameters, the compact NTN DCI size
· 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 4: When HARQ is disabled in NR-NTN, HARQ related fields in DCI formats 1_0 and 0_0 can be removed
RLC Ack on PUCCH:
When HARQ is disabled, there is no soft combining. RAN2 agreement is that there is no UL feedback for DL transmission if HARQ is turned off. The intention is that there is no HARQ A/N feedback linked to HARQ process for soft combining. In case RLC Ack is considered, it is reasonable to transmit the RLC status report on PUCCH as this is significantly faster than relying on a scheduling request with contention-based random access if no UL grant configured.  
Transmission of the RLC UL ACK can be done in several ways in Release-15 NR specifications:
· Piggybacking on an UL TB (configured or dynamic grants): this option requires DCI format 0_0 or 0_1 and / or UL PUSCH resource. 
· By triggering an SR with the feedback sent in the following UL grant: this option requires DL and UL resource and adds to latency.
· By triggered CBRA with the feedback included in msg3 or msg5: this option requires DL and UL resource and adds further to latency.
The NR PUCCH can support short format or long format. The payload that can be transmitted on NR PUCCH can be several hundred bits. This payload size depends on the UCI type (Ack/Nack codebook, SR, CSI) and the number of serving cells within a PUCCH group. Using the PUCCH resource indicator field in DCI format 1_0 or 1_1 the network can indicate the PUCCH resource to use for transmitting the required number of bits in the UCI. The RRC IE PUCCH-Config provides the configuration for the resource for a PUCCH group. A PUCCH configuration can contain up to 4 PUCCH resource sets (1, .., maxNrofPUCCH-ResourceSets) each containing up to 128 PUCCH resources (1, .., maxNrofPUCCH-ResourcesPerSet). The maximum payload and the number of PUCCH resources configurable are therefore sufficient to carry the RLC Ack. 
The RLC UL Ack can be indicated by re-using the fields in DCI format 1_0.
· TPC command for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-RLC Ack timing indicator
The HARQ related fields are not used – i.e.
· New data indicator
· Redundancy version
· HARQ process number
There is no HARQ processes or soft buffers. The network knows which TB failed by the timing of the ACK/NACK received on PUCCH/PUSCH, i.e. a NACK sent at time t corresponds to a failure of TB at time (t-K1). The RLC status reporting is used for triggering RLC retransmissions. When HARQ is disabled, UE sends an RLC status report to the network any time it sees a missing RLC PDU (i.e. a hole in RLC sequence numbers is detected). This can be achieved by setting t-Reassembly timer in RLC to zero. A non-zero value of t-StatusProhibit timer may be needed to prevent the UE from constantly sending status reports to the network
Observation 2: RLC Ack is the RLC status report that is transmitted by the RLC layer. 
Observation 3: RLC Ack transmitted in PUCCH resource is not linked to HARQ process
Observation 4: RLC re-transmission following RLC Ack on PUCCH does not use soft combining with previous RLC transmissions.
Observation 5: The network knows which TB failed by the timing of the ACK/NACK received on PUCCH/PUSCH, i.e. a NACK sent at time t corresponds to a failure of TB at time (t-K1). 
Observation 6: The RLC status reporting is used for triggering RLC retransmissions. 
Observation 7: Transmission of the RLC UL ACK can be done in several ways in Release-15 NR specifications:
· Piggybacking on an UL TB (configured or dynamic grants) 
· By triggering an SR with the feedback sent in the following UL grant
· By triggered CBRA with the feedback included in msg3 or msg5
Proposal 5: Whether RLC Ack can be transmitted in PUCCH resource indicated in re-interpreted fields in DCI Format 1_0 or 1_1 can be studied.

Conclusion
In this contribution, we discussed Delay-tolerant re-transmission mechanisms in NR-NTN. We made the following observations and proposals.
Observation 1: The soft buffer size requirement for the UE and the gNB may increase with higher number of HARQ processes depending on bandwidth assumption and number of layers in NR-NTN.
Proposal 1: Mechanisms to avoid soft buffer size is exceeded with larger number of HARQ processes configured for NR-NTN when HARQ is enabled in NR-NTN are for further study.
Proposal 2: The network can at least disable HARQ semi-statically.
Proposal 3: Semi-Static disabling of HARQ can be done by setting a new RRC 1-bit field ntnHARQdisabled flag to indicate HARQ is disabled via
· Common signalling broadcast in System Information Block
· Dedicated signalling Dedicated Information Element
Proposal 4: When HARQ is disabled in NR-NTN, HARQ related fields in DCI formats 1_0 and 0_0 can be removed
Observation 2: RLC Ack is the RLC status report that is transmitted by the RLC layer. 
Observation 3: RLC Ack transmitted in PUCCH resource is not linked to HARQ process
Observation 4: RLC re-transmission following RLC Ack on PUCCH does not use soft combining with previous RLC transmissions.
[bookmark: _GoBack]Observation 5: The network knows which TB failed by the timing of the ACK/NACK received on PUCCH/PUSCH, i.e. a NACK sent at time t corresponds to a failure of TB at time (t-K1). 
Observation 6: The RLC status reporting is used for triggering RLC retransmissions. 
Observation 7: Transmission of the RLC UL ACK can be done in several ways in Release-15 NR specifications:
· Piggybacking on an UL TB (configured or dynamic grants) 
· By triggering an SR with the feedback sent in the following UL grant
· By triggered CBRA with the feedback included in msg3 or msg5
Proposal 5: Whether RLC Ack can be transmitted in PUCCH resource indicated in re-interpreted fields in DCI Format 1_0 or 1_1 can be studied.
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