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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 RTT in 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 an example, at an orbit of 600 km, at the zenith point corresponding to elevation angle of 90 degrees the RTT is 24 ms (=2ms + 7.77ms+14.2ms). At elevation angle 10 degrees, the RTT is 28.4 ms (=6.44ms+7.63ms+14.2ms). Table 1 shows RTT for LEO and MEO satellite deployment scenarios.
	 
	 
	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) [2]

The large RTT experienced in typical satellite deployments require UE to adjust its transmission timing to the satellite. After acquiring Timing Advance (TA) to adjust its UL transmission time to compensate for the propagation delay to the satellite, there are two issues identified.
· Issue 1: UL HARQ A/N on NR PUCCH in NR-NTN
· Following DL assignment for data transmission in PDSCH in DCI format 1_0 or 1_1 in slot n, UL HARQ-ACK transmitted by the UE in PUCCH in slot n+k may be received by the gNB with one-way delay of several 10 ms or 100 ms.  
· New HARQ-ACK transmission timing of PUCCH is needed.
· Issue 2: UL grant for data on NR-PUSCH in NR-NTN
· Following UL grant in DCI format 0_0 or 0_1 in slot n, due to propagation delay on access link UE-satellite & feeder link satellite - Gateway, UE needs to advance its Transmission timing with several 10 ms or 100 ms before it receives UL grant in DCI.
· New transmission timing of data on PUSCH is needed
RTT Satellite propagation delay reduces max data rates assuming max number HARQ processes unchanged – i.e. NR can use up to 16 HARQ processes on DL and UL. Reduction in max data rates can be avoided with higher number of HARQ processes using the formula below.

Where NHARQ-min is the number of HARQ processes required, THARQ is the satellite RTT, Tslot is the slot duration corresponding to chosen NR numerology.  For example, in LEO=600 km satellite deployment, the required number of processes to avoid reduction in maximum data rate is NHARQ-min = 25 with THARQ = 25 ms, sub-carrier spacing = 15 KHz, and slot duration Tslot= 1ms. In this example, the require number of HARQ processes NHARQ-min = 25 is greater than the maximum number of HARQ processes in legacy NR system which is 16.
Increasing the number of HARQ processes to avoid reduction in maximum data rates due to long RTT on the access link has the drawback of increasing the soft buffer size and complexity. We have preference to keep max HARQ processes in NR or NB-IoT un-changed
Observation 1: Increasing the number of HARQ processes to avoid reduction in maximum data rates due to long RTT on the access link of NR NTN increases the soft buffer size and complexity.
Proposal 1: The number of HARQ processes in NR-NTN system is 16.

HARQ scheduling with NR-NTN scheduling offset
New transmission timing to compensate for longer RTT in satellite deployment will be required for correct HARQ operations. A simple way is to use a NTN scheduling offset indicated in SIB based on the satellite ephemeris. The NTN scheduling offset should take into account the elevation angle for a given beam spot within the satellite cell to compensate for the propagation delay on the access link. The scheduling offset K1_ntnOffset and K2_ntnOffset in slots are broadcast in SIB can be added to the scheduling delays indicated in the DL assignment and UL grant on DCI. 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.
Solution for issue 1: The value of K1 for UL scheduling delay for UL HARQ A/N in PUCCH  can be 0, 1, .., 8 as indicated in PDSCH-to-HARQ_feedback timing indicator field in DCI Format 1_0 or 1_1. The maximum specified scheduling delay to transmit HARQfeedback on PUCCH is 8 ms. In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay UL HARQ A/N in PUCCH  by n + K1’ slots, where K1’ = K1 + K1_ntnOffset .
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Figure 1: UL scheduling delay for UL HARQ A/N

Solution for issue 2: The value of K2 for UL scheduling delay for UL data transmission on PUSCH  can be 0, 1, .., 31 as indicated in Time domain resource assignment field in DCI Format 0_0 or 0_1 and the higher layer parameter  pusch-TimeDomainAllocationList. The scheduling offset K2 is based on the numerology of PUSCH. The maximum specified scheduling delay for UL data transmission on PUSCH  is 32 ms. In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay for UL scheduling delay for UL data transmission on PUSCH  by {⌊n∙2^(μ_PUSCH-μ_PUCCH ) ⌋+K2’ slots, where K2’ = K2 + K2_ntnOffset .
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Figure 2: UL scheduling delay for UL data transmission on PUSCH

We make the following proposals In case the scheduling delay needs to be longer to accommodate NR-NTN RTT
Observation 2: The NTN scheduling offset should take into account the elevation angle for a given beam spot within the satellite cell to compensate for the propagation delay on the access link. 
Proposal 2: The scheduling offset values K1_ntnOffset and K2_ntnOffset broadcast in SIB.
Proposal 3: In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay UL HARQ A/N in PUCCH  by n + K1’ slots, where K1’ = K1 + K1_ntnOffset .
Proposal 4: In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay for UL scheduling delay for UL data transmission on PUSCH  by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2’ slots, where K2’ = K2 + K2_ntnOffset .

Multiple scheduling
Scheduling of multiple DL assignments or multiple UL grants via single DCI to reduce the scheduling delay can be considered to increase data rates. This is illustrated in Figure 3 with 2 TBs. Using one DCI to schedule 2 TBs on PDSCH, the scheduling delay T2  to transmit the 2 TBs on PDSCH and transmit corresponding UL HARQ Ack/Nack is shorter than that with T1 where one DCI per TB is used. Likewise, using one DCI to schedule 2 TBs on PUSCH, the average scheduling latency to transmit 2 TBs on PUSCH is shorter than that using one DCI per TB. This is illustrated in Figure 4 with 2 TBs.
The multiple scheduling with one DCI can use the scheduling offset values K1_ntnOffset and K2_ntnOffset broadcast in SIB in case the scheduling delay needs to be longer to accommodate NR-NTN RTT as previously discussed. The same parameters for each TBs in the multiple TB indication in one DCI can be indicated to make the DCI more compact. This can include TBS, MCS, resource allocation in time and frequency, and so on.  The UL HARQ feedback can be back-to-back or can be bundled. 
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Figure 3: Multiple UL HARQ A/N of TBi transmitted in PUCCH_i
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Figure 4: Multiple transmissions / Re-transmissions of TBi transmitted in PUSCH_i
NR-NTN scheduling offset solution has larger RTT with K1’ > K1 and K2’ > K2. Larger scheduling delay result in reduced max data rates assuming max 16 HARQ processes.  Scheduling of multiple TBs with one DCI has smaller average RTT by a factor approximately (T1-T2)/T1 compare to scheduling one TB with one DCI for NR-NTN. Smaller scheduling delay allows higher data rates by a factor approximately T1/(T1-T2) without increasing number of HARQ processes. It increases efficiency as more bits can be transmitted per Bandwidth resource within a scheduling time interval.
Observation 3: Scheduling of multiple DL assignments or multiple UL grants via single DCI to reduce the scheduling delay can increase data rates
Observation 4: The same parameters for each TBs in the multiple TB indication in one DCI can be indicated to make the DCI more compact – i.e. TBS, MCS, resource allocation in time and frequency.
Proposal 5: Support scheduling of multiple DL assignments or multiple UL grants via single DCI.

Conclusion
In this contribution, we discussed HARQ aspect in NR-NTN system for Low Earth Orbit (LEO) satellite deployment.
Observation 1: Increasing the number of HARQ processes to avoid reduction in maximum data rates due to long RTT on the access link of NR NTN increases the soft buffer size and complexity.
Proposal 1: The number of HARQ processes in NR-NTN system is 16.
Observation 2: The NTN scheduling offset should take into account the elevation angle for a given beam spot within the satellite cell to compensate for the propagation delay on the access link. 
Proposal 2: The scheduling offset values K1_ntnOffset and K2_ntnOffset broadcast in SIB
Proposal 3: In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay UL HARQ A/N in PUCCH  by n + K1’ slots, where K1’ = K1 + K1_ntnOffset .
Proposal 4: In case the scheduling delay needs to be longer to accommodate NR-NTN RTT, the gNB adjusts scheduling delay for UL scheduling delay for UL data transmission on PUSCH  by {⌊n∙2^(μ_PUSCH-μ_PUCCH )⌋} + K2’ slots, where K2’ = K2 + K2_ntnOffset .
Observation 3: Scheduling of multiple DL assignments or multiple UL grants via single DCI to reduce the scheduling delay can increase data rates
Observation 4: The same parameters for each TBs in the multiple TB indication in one DCI can be indicated to make the DCI more compact – i.e. TBS, MCS, resource allocation in time and frequency.
[bookmark: _GoBack]Proposal 5: Support scheduling of multiple DL assignments or multiple UL grants via single DCI.

References
[1] RP-181370, Thales,  Study on solutions evaluation for NR to support Non Terrestrial Network, SID, RAN#80, June 2018
[2] TR38.811 “Study on NR to support non-terrestrial networks”
[3] TR 38.821 “Solutions for NR to support non-terrestrial networks”
[4] 3GPP TR 38.802 v14.1.0, "Study on New Radio Access Technology Physical Layer Aspects (Release 14)", June 2016.



image1.png
K1 slots

A





image2.png




image3.png
K1’

K1’

ncl
PDSCH
PUCCH

A/N|A/N

AN

One DCI
per T8

id
g8
ol
ag
£
23
S E

(bundled)




image4.png
ncl
PUSCH

K2’

K2’

One DCI
perT8

One DCI per

multiple T8s




