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1. Introduction
At the RAN#80 meeting the study item on Non Terrestrial Networks (NTN) was agreed [1], the latest study item description can be found in [2]. Objectives of the study item related to physical layer are copied below. 
	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 delay-tolerant re-transmission mechanisms for NTN is discussed.
2. Discussion
At the RAN1#97 meeting [3] it was agreed that semi-static HARQ disabling is supported. 
	Agreement:
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.


For NR DCI design it is assumed that adaptive asynchronous HARQ operation is always turned on. Fall-back and non-fall-back DCI for PUSCH scheduling have two fields which are related to HARQ operation: 2-bits redundancy version (RV) and 4 bits HARQ process ID. Fall-back DCI for PDSCH scheduling includes 2-bits RV, 4 bits HARQ ID and fields for HARQ feedback such as PDSCH-to-HARQ_feedback timing indicator (3 bits), PUCCH resource indicator (3 bits), Downlink Assignment Index (DAI, 2 bits). The number of bits for DAI in the non-fall-back DCI for PDSCH scheduling is configurable (0-4 bits). Some fields related to HARQ operation may not be needed for the case there HARQ is disabled via RRC. Thus, we propose to study new DCI formats which are optimised for this case.
Observation 1:
· DCI format may be modified by removing useless DCI fields for the case where HARQ is disabled via RRC
Proposal 1: 
· Study new DCI formats for the case where HARQ is disabled via RRC
At the RAN1#97 meeting [3] the following agreement was made on the impact of round trip delay (RTT) on HARQ operation. 
	Agreement:
Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size


In order to efficiently use HARQ operation gNB should transmit TB with new data for a HARQ process only after ACK is received for the previous TB with the same HARQ process ID. Thus, the maximum number of TBs with new data transmitted within the RTT is limited by the number of parallel HARQ processes. In order to support large RTT of NTN with the enabled HARQ operation the number of parallel HARQ processes should be increased. As it is stated in the above agreement, at least DCI size and HARQ soft buffer size should be considered if the number of HARQ processes is > 16. 
In Rel. 15 NR asynchronous HARQ operation is supported assuming that HARQ process ID is indicated to the UE in DCI for the corresponding PUSCH/PDSCH transmission. In contrast to the asynchronous HARQ operation, synchronous HARQ assumes that the HARQ process ID is derived implicitly based on slot index of PUSCH/PDSCH transmission. Thus, the number of parallel HARQ processes can be increased with the same number of DCI bits if the principle of synchronous HARQ operation is used. For example, most significant bits of HARQ process ID can be indicated by the DCI and least significant bits can be derived from the slot index of PUSCH/PDSCH transmission. Alternately, dynamic switching between synchronous and asynchronous HARQ can be used. In this case a codepoint of HARQ pracess ID field in DCI can be used in order to indicate that HARQ process ID should be derived based on the slot index, other codepoints of HARQ pracess ID field in DCI directly indicate the HARQ process ID.
Observation 2: 
· Larger number of parallel HARQ processes can be supported without increased number of DCI bits for HARQ process ID indication
Proposal 2:
· The following solutions can be considered to support larger range of HARQ process IDs without increased number of DCI bits
· Opt. 1: Most significant bits of HARQ process ID can be indicated by the DCI and least significant bits can be derived from the slot index of PUSCH/PDSCH transmission
· Opt. 2: A codepoint of HARQ process ID field in the DCI indicates whether HARQ ID is derived based on the slot index, other codepoints are used to directly indicate HARQ ID
The exact HARQ soft buffer size is not specified in the physical layer NR specification. The implementation of HARQ soft buffer is verified by the RAN4 performance requirements. Similar approach can be considered for the increased number of parallel HARQ processes. However, there is no physical layer features to improve the efficiency of HARQ operation for the case of limited soft buffer size. In order to improve the efficiency of HARQ operation in the case of limited UE soft buffer dynamic HARQ disabling/enabling can be used. Thus, gNB can control which TBs use HARQ soft buffer and also allows to optimise parameters of the transmission for TBs with and without HARQ (e.g. TBS, target BLER, etc.). Hence, not effective retransmissions (especially retransmissions with not self-decodable redundancy version) can be avoided for the TBs which are not saved in the soft buffer size.
At the last RAN1 meeting [4] the following conclusion was made on dynamic HARQ feedback disabling.
	Conclusion:
RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis


Similarly to the dynamic HARQ feedback disabling, dynamic HARQ buffer management can be supported, where enabling / disabling of HARQ buffer usage should be configurable on a per UE and per HARQ process basis. 
One more feature to enhance support of UEs with limited soft buffer size is soft buffer status reporting. Network can use information from the soft buffer status report in order to completely disable HARQ retransmissions or reduce soft buffer usage (e.g. switch form incremental redundancy to chase combining HARQ retransmission).
Observation 3: 
· Dynamic HARQ disabling/enabling configurable on a per UE and per HARQ process basis can be used to improve the efficiency of HARQ operation in the case of limited UE soft buffer
Proposal 3:
· Study the following features for the case of limited soft buffer
· Dynamic HARQ disabling configurable on a per UE and per HARQ process basis
· Soft buffer status reporting
3. Conclusion
In this contribution re-transmission mechanisms for NTN is discussed. The following proposals were made.
Observation 1:
· DCI format may be modified by removing useless DCI fields for the case where HARQ is disabled via RRC
Proposal 1: 
· Study new DCI formats for the case where HARQ is disabled via RRC
 Observation 2: 
· Larger number of parallel HARQ processes can be supported without increased number of DCI bits for HARQ process ID indication
Proposal 2:
· The following solutions can be considered to support larger range of HARQ process IDs without increased number of DCI bits
· Opt. 1: Most significant bits of HARQ process ID can be indicated by the DCI and least significant bits can be derived from the slot index of PUSCH/PDSCH transmission
· [bookmark: _GoBack]Opt. 2: A codepoint of HARQ process ID field in the DCI indicates whether HARQ ID is derived based on the slot index, other codepoints are used to directly indicate HARQ ID
Observation 3: 
· Dynamic HARQ disabling/enabling configurable on a per UE and per HARQ process basis can be used to improve the efficiency of HARQ operation in the case of limited UE soft buffer
Proposal 3:
· Study the following features for the case of limited soft buffer
· Dynamic HARQ disabling configurable on a per UE and per HARQ process basis
· Soft buffer status reporting
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