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Introduction
[bookmark: _Hlk510705081]In the last RAN1#102-e meeting there were some discussions on the HARQ operation for supporting NR over NTN. The discussions led to two agreements – one related to the potential of disabling HARQ feedback at least on a per-HARQ process level, while the other was related to the number of HARQ processes. The two agreements are repeated here for easy reference [1]:
Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling

Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling

This contribution will further discuss the aspects related to the operation of HARQ for supporting NR over NTN.
Discussion
In the TR for NR over NTN [2], RAN1 has raised concerns about the effects of the long latency in the NTN physical interface over the HARQ performance and capabilities. One of the main challenges identified is related to the stop-and-wait mechanisms in HARQ. Through the agreement from last meeting of allowing to enabling or disabling HARQ feedback [1], the HARQ stalling problem has been put under the gNB control, such that the gNB will have the possibility to control the amount of feedback in the system. If the gNB for such cases performs its scheduling with considerations of the lack of HARQ protection, it should be possible to achieve the required performance as shown in [4]. In [4] it is shown that by disabling the HARQ feedback and lowering the BLER target of a given HARQ process, it is possible to reach the same peak throughput for a given SINR as compared to increasing the number of HARQ processes.
Observation 1: According to [4], disabling HARQ may achieve similar throughput compared to increasing the number of HARQ processes.
It should be observed that when operating the system without HARQ feedback, there are multiple potential benefits, while there are also some potential drawbacks. These are:
· The problem of HARQ stalling is avoided
· The need for providing UL HARQ-ACK feedback may be reduced
· The maximum delay for certain (acknowledged) services might increase due to error recovery taking place on higher layers.

Further, upon analysing the system level simulation results as presented in [5], it is observed that increasing the amount of HARQ processes above the current maximum value of 16 would bring marginal gains. When observing the simulation results for downlink the UE experienced throughput is similar at any of the observed outage levels, no matter whether 16 or 32 HARQ processes are used.
Observation 2: According to [5], using 16 or 32 DL HARQ processes will give similar UE experience in most scenarios
Correspondingly, increasing the maximum number of HARQ processes from 16 to 32 would require some amendments or adjustments to the way the HARQ process ID is indicated to the UE. Since more HARQ processes is not expected to provide tangible gains in NTN operating scenarios, this additional specification effort does not seem justified. If the number of HARQ processes for NTN operation is increased to 32, it should be noted that any methods of implicitly indicating the HARQ process ID would have impacts on the scheduling as well, since the HARQ processes that the gNB will have to manage will increase as well, and the gNB will potentially lose the flexibility for indicating any HARQ process id at any time - especially if the HARQ process ID is implicitly coupled to the system timing. 
Proposal 1: Limit the maximum of HARQ processes for NTN to 16 to ensure minimum specification changes
Additionally, when considering the alternative to disabling HARQ, which is slot aggregation, we have performed some link simulations, which use the following configuration:
	Parameter
	Value

	Channel model
	NTN-TDL-C with DS=100 ns

	UE speed
	3 km/hr

	Subcarrier spacing
	15 kHz

	Modulation
	QPSK

	Channel coding
	LDPC

	Allocated bandwidth
	6 PRBs

	Redundancy versions (up to 8 retransmissions)
	[0 2 3 1 0 2 3 1]

	Number of HARQ processes
	16

	Aggregation factor for slot aggregation
	1,2,4,8



Further, when evaluating the slot aggregation, the transport block sizes were configured such that the effective code rate (after a transmission burst) would correspond to ~0.1 for all considered cases.
	Aggregation factor, K
	Transport block size, N [bits]

	1
	200

	2
	400

	4
	800

	8
	1600



The results from the link simulations are shown in Figure 1 and Figure 2 for the block error rate and spectral efficiency respectively. From the results it is seen that while operating at relatively low effective code rate, there is a substantial SNR gain of ~1 dB of operating the system with a slot aggregation factor of 2 or 4.
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[bookmark: _Ref54261921]Figure 1 Block error rate as a function of user experienced SNR for various slot aggregation levels with a target effective code rate of ~0.1.
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[bookmark: _Ref54261956]Figure 2 Corresponding spectral efficiency from Figure 1 for various slot aggregation levels with a target effective code rate of ~0.1.
Based on the above, we make the following observations and proposals.
Observation 3: Using slot aggregation at low effective code rates will provide efficiency gains for cases with 2 or 4 slots being aggregated.
Observation 4: Slot aggregation allows for supporting larger RTT delays while not compromising the HARQ performance.
Proposal 2: For operating NTN systems, mechanisms like HARQ process disabling and slot aggregation are sufficient means for addressing the HARQ stalling problem.

Conclusion
In this contribution we have presented our views on HARQ operation for NTN, and our observations proposals are as follows:
Observation 1: According to [4], disabling HARQ may achieve similar throughput compared to increasing the number of HARQ processes.
Observation 2: According to [5], using 16 or 32 DL HARQ processes will give similar UE experience in most scenarios
Observation 3: Using slot aggregation at low effective code rates will provide efficiency gains for cases with 2 or 4 slots being aggregated.
Observation 4: Slot aggregation allows for supporting larger RTT delays while not compromising the HARQ performance.
Proposal 1: Limit the maximum of HARQ processes for NTN to 16 to ensure minimum specification changes
Proposal 2: For operating NTN systems, mechanisms like HARQ process disabling and slot aggregation are sufficient means for addressing the HARQ stalling problem.
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