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1. Introduction
In RAN#80, a new SI “Solutions for NR to support non-terrestrial networks (NTN)” was approved[1]. The SID was further revised to limit the scope in Release 16 to key issues and solutions associated with transparent GEO and LEO satellite based non-terrestrial access networks (moving beam on earth)[2]. The new study item has objectives related to the physical layer as below:
	Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.

Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]



In this contribution, we share our considerations on more delay-tolerant re-transmission mechanisms which may include the capability to deactivate the HARQ mechanisms.
2. HARQ Disabling
Based on the analysis in [3], the round trip delay (RTD) of LEO satellites at 600 km is 28.408ms and 544.751ms for GEO satellites at 35786km. These RTDs exceed the maximum conventional HARQ timers (after which an ACK is received) or the maximum possible number of HARQ processes, especially for GEO satellites. As HARQ process is a very time-critical mechanism, mechanisms to deactivate the HARQ shall be considered in RAN1. 
In NR, there is no explicit HARQ ACK/NACK feedback for PUSCH as UE can figure out whether the PUSCH is successfully received at gNB side based on whether the new data indication (NDI) is toggled or not on the following UL resource grant. For PDSCH, ACK/NACK will be transmitted to gNB based on CRC check results. If NACK is received, gNB will retransmit the existing data with a different Redundancy Version (RV). Therefore, signaling for indicating to the UE to deactivate the ACK/NACK feedback for PDSCH is needed. Some companies proposed to use semi-static or dynamic signaling based on some metric, e.g., traffic type to indicate to the UE whether the HARQ-feedback is deactivated. For example, an additional bit in DCI to indicate the HARQ-feedback activation status. As resource is very limited in DCI, mechanisms on how to reduce the signaling overhead should be considered. 
However, there are many procedures relying on ACK/NACK feedback in NR. For example, based on current NR specification, the UE applies the TCI/beam switching activation command 3 msec after a slot where the UE transmits HARQ-ACK information for the PDSCH providing the activation command. As the scenario of multiple beams using the same PCI is supported in NTN, beam switching due to satellite and/or UE movement will be common. If the HARQ-ACK is disabled, how to define the timing of beam switching needs to be considered. Based on the above discussion, we propose that RAN1 should consider mechanisms for accommodating any affected procedures when HARQ-feedback is disabled.
Proposal 1: RAN1 should study mechanisms to reduce the signaling overhead indicating HARQ disabling, if dynamic HARQ disabling is supported. 
Proposal 2: RAN1 should consider how to support any affected procedures when HARQ-feedback is disabled.

There are two levels of re-transmission: ARQ in RLC layer and HARQ in the MAC&PHY layer. ARQ in RLC layer works for Acknowledgement Mode (AM) to improve the system reliability, while HARQ mechanism can provide fast re-transmission and soft combining to improve the system efficiency as it can combine the re-transmitted TB with earlier transmitted TB in the physical buffer. 
[bookmark: _GoBack]Deactivating HARQ re-transmission can be left to network implementation and easy to realize, for example, the gNB can ignore the HARQ-feedback and always toggle the NDI when scheduling. How to ensure the system reliability and efficiency when HARQ re-transmission is deactivated is the real problem. In LTE, TTI bundling was introduced to increase uplink coverage. In that case, UE transmits a PUSCH in multiple subframes in a row with different RVs, and one ACK/NACK would be sent after all RVs are received and soft combined at gNB side. A similar mechanism to TTI bundling can be adopted for the NTN UL/DL-SCH to improve the reliability. However, it will decrease the system efficiency since repeated transmissions are used at the very beginning. Here, we propose that RAN1 should study mechanisms to increase the system reliability and efficiency if and when HARQ re-transmission is deactivated.
As we mentioned before, there are two levels of re-transmission: ARQ in RLC layer and HARQ in MAC&PHY layer. If the HARQ is disabled, for services in AM, it can only rely on ARQ in RLC, while for services in Un-Acknowledgement Mode (UM), no re-transmission is available. The challenges to the RLC should not be neglected.
Observation 1: It will bring challenges to the UM RLC layer if and when HARQ re-transmission is disabled in NTN.
Proposal 3: RAN1 should study mechanisms to increase the system reliability and efficiency if and when HARQ re-transmission is deactivated.
3. HARQ Enhancement
Another approach to making HARQ feedback more suitable for NTN is to reduce the maximum HARQ process number. As table 1 shows, the maximum HARQ process number increases with the RTD, and additional bits in DCI are needed to indicate the HARQ process ID. Considering the large RTD in NTN, it is not practical to simply increase the HARQ process number proportionally even for LEO satellites. One possible solution is HARQ bundling mechanism, i.e., joint HARQ feedback, where a UE bundles multiple HARQ-feedbacks for multiple TBs into one by using logical AND operation. In that sense, the HARQ-feedback payload and the HARQ process number can be reduced. However, there is a risk of throughput loss by using HARQ bundling, e.g., a slight error in one of the TBs will cause the re-transmission of all TBs within the bundled window. Based on the above discussion, we propose that RAN1 should study whether to support more than 16 HARQ process number in NTN, if HARQ is enabled.
Table 1: The minimum required number of the HARQ processes, , assuming a 1ms slot duration for 15 kHz* reference subcarrier-spacing [4]
	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)



Proposal 4: RAN1 should study whether to support more than 16 HARQ process number in NTN, if HARQ is enabled.
4. Summary
In this contribution, we provide considerations on more delay-tolerant HARQ for NTN. Following is our observations and proposals.
Observation 1: It will bring challenges to the UM RLC layer if and when HARQ re-transmission disabled in NTN.
Proposal 1: RAN1 should study mechanisms to reduce the signaling overhead indicating HARQ disabling, if dynamic HARQ disabling is supported. 
Proposal 2: RAN1 should consider how to support any affected procedures when 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.
Proposal 4: RAN1 should study whether to support more than 16 HARQ process number in NTN, if HARQ is enabled.
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