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1 Introduction
A study item on Non Terrestrial Network (NTN) has been started. According to the SID[1], the following is to be studied in RAN1. 

	 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]


HARQ disabling has been discussed, and the following was agreed in RAN1#98. 
	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


In RAN1#98, whether to extend the number of HARQ processes was discussed, but not concluded. This document discusses the number of HARQ processes and issues on reliability improvement by blind retransmission and HARQ buffer usage.
2 Discussions 

2.1 Number of HARQ processes
It was discussed in RAN1#98 whether to increase the maximum number of HARQ processes for NTN. In Rel.15, up to 16 HARQ processes can be configured. The maximum RTT (round trip time) in NTN is 541.14 ms for GEO (at 35786 km altitude) and 25.76/41.75 ms for LEO (at 600/1200 km altitude) transparent satellite [3]. Therefore, larger number of HARQ processes is necessary to cover such long RTT. It is proposed in [6] to support up to 256 processes. Because HARQ buffer is used only when the reception is failure and can be shared among HARQ processes, increase of the number HARQ processes does not automatically imply increase of memory size requirement. The memory size requirement also depends on the target BLER and target throughput. Therefore, large number of HARQ processes, e.g. 256 or larger, can be supported without too much increasing memory requirement. 
On the other hand, it is preferable to minimize the DCI size from coverage/reliability point of view on DCI. Therefore, it should be discussed a solution to extend the number of HARQ processes without increasing indication bits of HARQ process ID. The following options would be considered. 
Option 1: HARQ process is tied to SFN/slot number 

Instead of explicitly indicate the HARQ process ID, HARQ process is tied to SFN/slot number, as in synchronous HARQ. A few bits would be used for HARQ process ID indication to have some flexibility of scheduling. 
Option 2: Reuse HARQ process ID within RTT 

Instead of tight linkage to SFN/slot number as synchronous HARQ in option 1, the time period corresponding to RTT is segmented to multiple segments identified by SFN/slot. The same HARQ process ID are used for TBs in different segments. This is a kind of combination between synchronous and asynchronous HARQ.
Proposal 1: The number of HARQ processes should be extended compared to Rel.15. 
Proposal 2: HARQ process ID indication scheme to minimize the DCI size should be studied. Following options should be studied. 
   Option 1: HARQ process is tied to SFN/slot number 
   Option 2: Reuse HARQ process ID within RTD 

2.2 Reliability improvement and HARQ buffer usage 
It was agreed that HARQ feedback enabling/disabling is configured per UE and per HARQ process. On the other hand, HARQ combining is supported in either case of enabling or disabling HARQ feedback by blind retransmission. For blind retransmission, gNB retransmits the data without waiting for reception of HARQ-feedback from the UE. Soft combining may or may not be possible depending on transmission order and HARQ buffer availability. 

The following two schemes are possible based on Rel.15 specification. 

a) blind retransmission with configuring pdsch-AggregationFactor 
b) blind retransmission without configuring pdsch-AggregationFactor
For a), the data is (re)transmitted in continuous slots. The number of slots (i.e. PDSCHs) for blind retransmission is indicated by RRC configuration pdsch-AggregationFactor. pdsch-AggregationFactor is applied to all PDSCH transmissions irrespective of HARQ-feedback disabled process or HARQ-feedback enabled process. Only one PDCCH and one HARQ-feedback are needed for the aggregated PDSCH transmissions. HARQ-feedback timing is after reception of the last retransmission data. In case of HARQ-feedback disabled process, the HARQ-feedback will not be actually transmitted. Further retransmission of the aggregated PDSCH using the same process ID is also possible in a situation where the number of repetition is not sufficient to achieve the target BLER. 
For b), the data is retransmitted by gNB without waiting for reception of HARQ-feedback. gNB re-transmits the PDSCH such that UE receives it after decoding time of the previous PDSCH to keep the decoding pipeline process as in Rel.15 behaviour. One PDCCH for each PDSCH of blind retransmission is transmitted. For blind retransmission, non-toggled NDI is indicated in the DCI. Soft combining may or may not possible depending on HARQ buffer availability because there are the other HARQ processes needs to be decoded for retransmissions and it needs HARQ buffer for such operation.
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Figure 1. blind retransmission
Combination of a) and b) is also possible, i.e. retransmit the aggregated PDSCH without waiting for HARQ feedback reception. Both blind retransmission schemes are possible for both HARQ-enabled and HARQ-disabled processes. From the PDCCH efficiency point of view, a) is preferable because only one PDCCH is necessary while from the flexibility point of view b) is preferable because b) allows gNB to dynamically select the number of blind retransmissions per packet basis, e.g. 4 retransmissions for HARQ-disabled process and 2 retransmissions for HARQ-enabled processes. 
During the blind retransmissions the UE has to keep the data in the HARQ buffer. After finishing blind retransmission, the UE can flush the HARQ buffer and use it for another data. On the other hand, UE does not know when the blind retransmissions are finished. Therefore, it would be beneficial to send a flag to indicate HARQ buffer usage to help UE buffer management. For example, if the flag for HARQ buffer usage indicates one, further transmissions are expected and the UE is recommended to keep received data in the HARQ buffer. If the flag for HARQ buffer usage indicates zero, no further retransmissions are expected, and the UE is recommended to flush the buffer and use it for another process. Note that the indication should be regarded as recommendation because UE buffer management is basically UE implementation matter. Figure 2 shows an example of the behaviour. 

Proposal 3: A flag in DCI to allow UE to flush HARQ buffer should be supported. 
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Figure 2. HARQ buffer usage indication
3 Conclusion
In this contribution, we discussed the number of HARQ processes and issues on reliability improvement and HARQ buffer usage. The following are proposed. 
Proposal 1: The number of HARQ processes should be extended. 
Proposal 2: HARQ process ID indication scheme to minimize the DCI size should be studied. Following options should be studied. 
   Option 1: HARQ process is tied to SFN/slot number
   Option 2: Reuse HARQ process ID within RTT 


Proposal 3: A flag in DCI to allow UE to flush HARQ buffer should be supported.
In addition, we provided a consideration on PDCCH reliability in the Annex. The following observation were made. 
Observation 1: Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario. 
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Annex: PDCCH reliability
According to our simulation results shown in [5], the lowest geometry in cell edge area is around -6 dB.

Figure 3shows PDCCH BLER for various CCE aggregation levels and DCI sizes for a terrestrial scenario. It is seen that sufficiently low BLER (e.g. 0.1%) can be achieved by using CCE aggregation level 8 or 16 in the region above SINR -7dB. Note that NTN channel condition is expected to be less severe than the terrestrial fading channel. 

From these results, Rel.15 PDCCH transmission scheme (up to 16 CCEs) would be sufficient. If lower than -10dB geometry need to be supported, PDCCH enhancement as discussed in [4] would be needed. 
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Figure 3. PDCCH BLER performance in [4] (a reference for terrestrial case)

Observation 1: Rel.15 PDCCH transmission scheme (up to 16 CCEs) can achieve a sufficient low PDCCH BLER for NTN scenario. 
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