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1 Introduction
A new Study Item (SI) on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting and RAN#83 meeting [2] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. The objectives of this SI for physical layer are as follows.
· 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 shared our further considerations on HARQ supporting non-terrestrial network (NTN) for this SI.
2 HARQ for NTN
The HARQ issue has been discussed and analyzed extensively in the first study item on NTN [3]. The problem of HARQ in NTN is that the large propagation delays force an increase in the amount of HARQ-processes which seems to be impractical due to the extreme buffer size requirement for the transmitter and receiver and large signaling requirement on indicating the HARQ process number. Moreover, the frequent usage of HARQ would add a lot of jitter to the data link, some packets would experience an additional two-way propagation delay when HARQ retransmission was requested. The following two principles are captured for further study [3]:
· Enhancing existing HARQ operation 
· Limiting HARQ capabilities and/or disabling HARQ
Considering the different propagation delay for GEO and LEO, the different HARQ disabling mechanism should be studied. For example, in the extreme situation for GEO with bent-pipe satellite system, the RTT will be more than 500ms and the required number HARQ processes will be more than 500 with a normal 1ms slot operation. Therefore, it is better to disable the HARQ function for GEO case. But for LEO, the propagation delay can be in the range of tens of milliseconds, e.g., the round-trip delay will be 12.88ms for regenerate LEO at 600km, the HARQ can be disabled with semi-static HARQ disabling and dynamic HARQ disabling based on the actual status at both network and UE side. RAN2 also considered this issue and get the following agreement [4]:
1. Retransmissions at one or several layers shall be supported for NTN and configurable by the network.
2. The network should be able to configure the UE whether the HARQ is “turned off”.  There is no UL feedback for DL transmission in the if HARQ is turned off.  FFS the impact on other procedures and how to configure.

Based on the above agreements, the retransmission at MAC layer, i.e. the HARQ can be configured by the network and the network should also be able to configure the UE whether the HARQ is “turned off”. The way with configuration can support the semi-static HARQ disabling. But the dynamic HARQ disabling can decide packet-by-packet which can provide flexible decision in scheduling considering instantaneous information. To support dynamic HARQ disabling, how to indicate the HARQ disabling should be discussed and determined in RAN1. In addition, the HARQ related signaling is still needed such as the HARQ Process ID etc. In current NR for terrestrial system, 16 HARQ process is supported and 4 bits are needed to indicate the HARQ process ID. For the case of regenerate LEO at 600km, the round-trip delay will be 12.88ms, there is stringent requirement for the processing time assuming a 1ms slot duration for 15 kHz reference subcarrier-spacing if 16 HARQ process is supported. If considering the case with larger subcarrier spacing (SCS) or satellite at higher altitude, the round-trip delay will be larger and more HARQ process number is needed which will lead to large number of signaling overhead. Therefore, RAN1 should consider 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 [6].
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 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.
When HARQ is disabled, if the MAC PDU is not correctly decoded, there will not be further retransmission at MAC layer. It might be unavoidable for further retransmissions to meet the reliability requirement and the retransmission will leave to the RLC layer. The additional latency and jitter will be added to the data packet due to latency caused by both the retransmission and the scheduling for the RLC PDU for retransmission. Therefore, the BLER target should be improved firstly to guarantee the reliability of the first transmission, different scheme can be considered such as the operation point is improved with power increasing or by setting a lower MCS. Moreover, the retransmission mechanism without the feedback should also be considered, e.g. TTI Bundling to re-transmit the same symbols without waiting for ACK/NACK feedback. With such retransmission mechanism, the data packet can be successful received at some cost of resources. 
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.
3 Conclusions
In this contribution, we share our considerations on HARQ supporting NTN with following proposals.
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 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.
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.
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