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Introduction
In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. 

In RAN2#103bis, it is agreed to study the following UP and CP aspects:
UP Impacts to study 
1. DRX
2. HARQ 
3. Random access response 
4. RLC/PDCP reordering (e.g. timers and SN space)
5. SDAP => no impact
Impacts to study for CP
1. Mobility 
2. TA management and update 

In this paper, we discuss issues related to HARQ for NTN.
[bookmark: _Ref178064866]Discussion
The HARQ operation in both LTE and NR follows the Stop And Wait, SAW, protocol where each TB is assigned a HARQ process ID to be used until the TB is correctly received. The minimum time for each HARQ process ID allocated will then be the roundtrip time in the network. The problem of HARQ operation with large propagation delays and therefore long roundtrip times, is that in order to be able to continuously transmit and not wait for HARQ-feedback, there needs to be some type of option introduced. 
As discussed in TR 38.811, one option would be to extend the number of HARQ-processes. At this moment, NR supports up-to 16 HARQ processes. However, further extending this might entail large amounts of implementation complexity on UE and network-side. The feasibility of any increase in the number of available HARQ process should be up to RAN1 to decide.
[bookmark: _Toc528753839][bookmark: _Toc528782170][bookmark: _Toc528830547][bookmark: _Toc528830807][bookmark: _Toc528835226][bookmark: _Toc528851389][bookmark: _Toc528869706][bookmark: _Toc528871119][bookmark: _Toc528742613][bookmark: _Toc528753840][bookmark: _Toc528782171][bookmark: _Toc528830548][bookmark: _Toc528830808][bookmark: _Toc528835227][bookmark: _Toc528851390][bookmark: _Toc528869707][bookmark: _Toc528871120][bookmark: _Toc528873951][bookmark: _Toc528874036]Increasing the number of HARQ-processes should be up to RAN1 to study if deemed appropriate.

Another option is to “turn off” HARQ. NR HARQ operation is asynchronous in DL and if the network does not schedule retransmissions and always schedules a new transmission on a HARQ process by toggling the New Data Indicator, NDI, then HARQ functionality can in theory be disabled. This brute force “turn off” for HARQ feedback implies that the network ignores the SAW protocol for the HARQ feedback and the UE would not be aware that the network ignores any feedback sent by the UE. 
The UL transmission is asynchronous in NR which means that the UE keeps the data in the buffer ready to send a retransmission using a different redundancy version unless a new dynamic UL grant with the NDI toggled is received, which effectively is the positive-ACK for the previous sent message using the same HARQ process ID. In order for a continuous transmission, the network can send dynamic grants, always with NDI toggled, and hence “turn-off” HARQ. 
As mentioned above, for DL transmission, the network can continuously send downlink assignments with NDI toggled, thereby overriding the SAW protocol. According to the spec, however, the UE would still be required to send the ACK/NACK feedback, even though it would be ignored by the network. It could be beneficial e.g. for UE energy savings and from a network interference point of view, to indicate to the UE that ACK/NACK should not be sent. 
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Some benefits of disabling HARQ feedback include:
· UE energy savings by not sending ACK/NACK feedback and not monitoring for retransmissions 
· Less interference in UL
· Less load on precious PUCCH resources
· Reduced latency
· Less complex DRX handling
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To compensate for the disabled error correction done by HARQ, we might have to rely on RLC ARQ for error correction. And in order to reduce recurring ARQ retransmissions, the BLER target might need to be decreased compared to a terrestrial network. If error recovery would need to rely on ARQ to recover errors instead of HARQ, it could lead to low spectral efficiency and an increased risk of stalling in RLC and/or PDCP. 
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If the system would rely on ARQ for error correction and retransmissions, there could be the problem that the UE might declare RLF due to the excessive RLC retransmissions.  The amount of RLC retransmissions required for UE to enter RLF is configurable, A trivial way of fixing this problem would be to configure a large number of RLC retransmissions, but doing so would require an analysis of possible side-effects. This is an example of some side-effects that might occur when relying on ARQ instead of HARQ. 
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Conclusion
[bookmark: _GoBack]In section 2 we made the following observations:
Observation 1	Increasing the number of HARQ-processes should be up to RAN1 to study if deemed appropriate.
Observation 2	Overriding the stop and wait protocol for HARQ for both DL and UL transmission can be up to network implementation.
Observation 3	It could be beneficial to indicate to the UE that HARQ feedback is not required to allow the UE to not transmit ACK/NACK.
Observation 4	BLER target per HARQ transmission should probably be lowered if HARQ feedback is disabled.
Observation 5	Relying on RLC retransmissions instead of HARQ may have certain side-effects such as declaring unnecessary RLF.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to consider indicating HARQ feedback disabling to the UE.
Proposal 2	RAN2 to study problems of relying on RLC instead of HARQ for retransmissions.
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