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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 range of expected values for the Round Trip Time (RTT) for the considered NR-NTN deployment scenarios [2, 3]. Solutions in the satellite and the UE will be required to compensate and correct the impact of RTT for delay-tolerant re-transmission for HARQ mechanisms.
This contribution aims to summarize proposals from contributing companies for delay-tolerant re-transmission for HARQ mechanisms for NR-NTN.

Propagation delays in NR-NTN
It is required to study the impact on NR HARQ operation due to the long RTT delay of a non-terrestrial network. The impacts should be considered as well for the NTN UEs and serving gNBs, when the number of HARQ processes is either extended to satisfy high reliability scenarios or limited/disabled for longer NTN delays [2].
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) [2]

	 
	 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 [2]
[bookmark: _Ref481671177]The large propagation delays on the access link experienced in satellite deployments require gNB to adjust scheduling in DL assignment and UL grants via DCI. 
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.  The base station can observe the acknowledgement of packets sent to the UE only after the round trip plus some processing time, which is more than ½ second later.  Similarly the UE can observe acknowledgement for its packet sent to the base station in about the same time interval.  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 [2].

Number of HARQ Processes
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. 


[image: ]
Figure 1: Timing diagram of a single HARQ process for a NTN with a single bent-pipe satellite in the link [2]
Table 1gives 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) [2]. 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 1: 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, size of packet, number of re-transmissions, and BLER target. For these reasons, it seems not practical to support HARQ in GEO satellite scenarios. Use of HARQ may be more practical for LEO and MEO satellite deployments. 
Potential agreement #1: At least, pseudo-static HARD disabling for GEO satellite deployments can be considered.

Potential agreement #2 Support of more than 16 HARQ processes on DL and UL for NR NTN when HARQ is enabled is for further study.

Potential agreement #3: Impact on soft buffer size when more than 16 HARQ processes on DL and UL if used when HARQ is enabled for NR NTN is for further study.

Potential agreement #4: DCI overhead reduction techniques for HARQ process ID when more than 16 HARQ processes on DL and UL if used when HARQ is enabled for NR NTN are for further study.

	Source
	Related Proposals & Observations

	Nokia
	· Proposal 2: RAN1 should determine whether the number of HARQ processes should be extended and find some overhead reduction solution on HARQ process ID if not extending the HARQ process number.

	ZTE
	· Observation 1: Increasing HARQ process number is not proper solution for all cases due to advanced requirement on the UE capability.

	Samsung
	· Observation 1: GEO satellite links exhibit very long propagation delays, which make the use of HARQ procedures prohibitive. Other procedures to improve link reliability, like the use of more robust MCS tables are more viable in the GEO satellite links.             
· Observation 2: LEO satellite links offer far more manageable delays to make the HARQ procedures workable, even in bent-pipe scenarios. In certain propagation scenarios involving block fading, the suitable use of HARQ can be more effective than using more robust MCS tables.                                                       
· Proposal 1: Consider configuring HARQ as an optional feature for NTN, where its use under certain satellite types and propagation conditions can be beneficial.                                 
· Proposal 2: Consider increasing the number of parallel HARQ processes in NTN-NR, as this would enable the use of HARQ to counter a variety of block fading scenarios in LEO and even in MEO satellite links.

	Qualcomm
	· Proposal 4: For NTN, UE reports the capability on the number of HARQ processes.
· Proposal 5: For NTN, more than 16 HARQ processes can be configured.
· Proposal 6: For NTN, support slot number based HARQ process identification.

	MediaTek
	· 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.

	Sony
	· Proposal 4: RAN1 should study mechanisms to reduce the HARQ process number in NTN.
· The HARQ process number can be extended in NTN, but it shall not increase linearly with RTT as table 1 shows. In that sense, we propose RAN1 to study mechanisms to reduce the HARQ process number in NTN.

	Interdigital
	· Observation 3: BLER target adjustment can be used to keep HARQ activated and gain from its benefits for medium to low range RTT.   
· Proposal 2:  BLER target adjustment mechanisms should be studied specially for medium to low RTT.

	Panasonic
	· Proposal 1: NTN support HARQ as MAC retransmission. But it does not mean soft buffer for all processes has to be always available.
· Proposal 2: Consider solution not to increase the number of DCI bits as much as possible for NTN
· Proposal 3: Consider efficient transmission of HARQ-feedback 



HARQ Disabling in NR-NTN
The current implementation supports limited functionality for disabling HARQ at the PHY/MAC layers. HARQ is asynchronous on DL and UL with adaptive re-transmissions in NR. The NDI field is toggled in DCI on NR-PDCCH for DL assignment and UL grant to indicate new packet. HARQ buffer is flushed when NDI field is toggled. HARQ can de-activated by gNB if NDI field is always toggled to indicate new packet for DL or UL. 
RAN2#105 made the following agreement [4]:
· 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
The RAN2 agreement allows to semi-statically disable HARQ on the DL, since there is no UL feedback. However, 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.
It seems reasonable to use HARQ with small number of retransmissions to ensure latency within a certain limit for LEO or MEO satellite deployments.  Depending on the type of services, HARQ can be used for data traffics that do not have stringent latency requirements such as web browsing. On the other hand, HARQ in LEO or MEO satellite deployments is not suitable for real-time streaming services such as voice or video calls. Flexibility in enabling/disabling HARQ will be required for efficient use of resources depend on the type of data traffic and QoS requirements.

Potential agreement #5: Potential solutions of dynamical disabling of HARQ are for further study including at least  
· NDI field in DCI for DL assignment and UL grant is toggled to indicate new packet for all DL and UL transmissions when HARQ is disabled
· Dynamic DCI configuration with specific HARQ process ID to deactivate HARQ retransmission
· Indication of no UL feedback for DL transmission if HARQ disabled 

	Source
	Related Proposals & Observations

	Huawei
	· Observation 1: How to enhance HARQ needs to be further studied for NTN.
· Observation 2: How to disable HARQ and resulting impact needs to be further studied for NTN.

	ZTE
	· Proposal 1: Disable of the feedback in semi-static way can be considered as the baseline for NTN.

	Qualcomm
	· Proposal 1: For NTN, support cell-specific configuration of HARQ on and off.
· Proposal 2: For NTN, support configuration of HARQ on and off for configured grants.
· Proposal 3: For NTN, support dynamic HARQ on and off.

	Interdigital
	· Observation 1: Due to a broad range of supported RTT for NTN, several solutions may be needed to address the HARQ mechanism, each for a different RTT range.
· Observation 2: Support for semi-static (as opposed to dynamic) HARQ deactivation would be sufficient for NTN with large RTT (i.e. GEO and MEO scenarios).
· Proposal 1: HARQ deactivation mechanism should be studied specially for large RTT.  Improvements to the existing protocol to support HARQ deactivation should be also studied.  

	CATT
	· Observation 1: HARQ deactivation can help to reduce HARQ-ACK feedback and data buffering burden.
· Proposal 1: HARQ deactivation and HARQ process number should be configurable with UE specific way.
· Proposal 2: Dynamic DCI configuration with specific HARQ process ID to deactivate HARQ retransmission in NTN is supported.

	Sony
	· Proposal 1: RAN1 should study mechanisms to reduce the signaling overhead indicating HARQ-feedback is disabled.
· Proposal 3: RAN1 should study mechanisms to increase the system reliability and efficiency if and when HARQ re-transmission is deactivated.

	
	




First transmission reliability when HARQ is disabled
If HARQ is disabled, the BLER target should be improved firstly to guarantee the reliability of the first transmission. This may be done by setting a stronger MCS, power increase, transmitting blind repetitions without waiting for Ack/Nack feedbacks, which may be resource inefficient. 

Potential agreement #6: Enhancements to improve reliability of first DL or UL transmission when HARQ is disabled is for further study including at least
· Repetition with RV cycling
· Blind / HARQ-less repetitions

Potential agreement #7: Whether to support acknowledgement of DL transmissions or UL transmissions at higher layer when HARQ is disabled should be discussed in RAN2 first. 

	Source
	Related Proposals & Observations

	Nokia
	· Proposal 1: Whether dynamic HARQ disabling is supported and how the current protocol is improved to support dynamic HARQ disabling mechanism should be studied.
· Proposal 3: The mechanism to guarantee the transmission reliability should be studied when HARQ is disabled:
· The mechanism to improve the BLER to guarantee the reliability of the first transmission;
· The retransmission scheme without feedback to guarantee the successful transmission.

	Huawei
	· Observation 3: Enhanced transmission scheme shall be considered to guarantee reliability after disabling HARQ.
· Observation 4: The challenges to the RLC should not be neglected if HARQ is disabled in NTN.

	Ericsson
	· Proposal 1.  Study RAN1 impact of disabling HARQ optionally.

	ZTE
	· Proposal 2: Enhancement on the transmission for DL/UL, e.g., repetition with RV cycling or blind scheduling of retransmission, can be considered for NTN.



UL transmission timing with NR NTN
The NR maximum scheduling delays for DL HARQ are 
· DL Time domain resource assignment K0=32 slots for scheduling delay between PDCCH and corresponding PDSCH
· PDSCH-to-HARQ_feedback timing indicator K1= 16 slots for scheduling delay between PDSCH and corresponding UL HARQ Ack/Nack feedback in PUCCH..
· UL Time domain resource assignment K2=32 slots for scheduling delay between PDCCH and corresponding PUSCH
With NR numerology µ=0, K0 = 32 ms, K1=15 ms, and K2=32 ms. The UE processing time N1to decode PDCCH, decode PDSCH and prepare UL HARQ Ack/Nack is 13 symbols and 3 symbols for capability 1 and 2 respectively as specified in TS 38.214. The UE processing time N2 to decode PDCCH, prepare PUSCH is 10 symbols and 5 symbols for capability 1 and 2 respectively. 
The maximum value of K1 and K2 are not sufficient to absorb the satellite RTT delay for any of the bent-pipe satellite or regenerative deployment scenarios with orbital distance greater than 600 km. There are also not sufficient for LEO=600 km with NR numerology μ higher than =0. Last, the maximum values of K1 is not sufficient for LEO=600 km for the bent-pipe satellite with NR numerology μ=0.

Potential agreement #8: Solutions for the UL transmission timing in NTN are for further study for the following cases:
· PUSCH
· HARQ-ACK on PUCCH if feedback of ACK/NACK is supported

	Source
	Related Proposals & Observations

	MediaTek
	· 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.
· Proposal 5: Support scheduling of multiple DL assignments or multiple UL grants via single DCI. 

	Sony
	· Observation 1: It will bring challenges to the RLC layer if and when HARQ re-transmission disabled in NTN.
· Proposal 2: RAN1 should consider how to support any affected procedures when HARQ-feedback is disabled.
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