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1	Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and the work item description (WID) is updated in [1]. One objective is to specify HARQ enhancements for NTN. In this contribution, we discuss HARQ enhancements for NTN per the WID objective:
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]



2	Configuration for enabled / disabled HARQ
TR 38.821 [2] states that the enabling / disabling of HARQ feedback should be configurable on a per UE, per HARQ process and (for UL) per LCH basis.
HARQ is a basic functionality in NR. Many physical layer functionalities depend on the use of HARQ. If the HARQ would be completely turned off, there would be significant RAN1 specification impact. For example, the MAC CE activation/deactivation of a certain feature becomes effective 3 msec after the UE transmits HARQ-ACK corresponding to the PDSCH carrying the MAC CE command. The MAC CE activation/deactivation timing relationships (in many places of RAN1 specifications) would become undefined if HARQ would be completely turned off. 
To avoid the unnecessarily large RAN1 specification impact, at least one HARQ process should be configured with UL HARQ feedback when HARQ is disabled. This would solve the unnecessary complications resulted from completely turning off HARQ. 
[bookmark: _Toc23257408][bookmark: _Toc31805895][bookmark: _Toc47672433]UE expects that at least one HARQ process is configured with UL HARQ feedback.
Given that enabling / disabling of HARQ feedback should be configurable per HARQ process, it is pointed out in Section 7.2.1.4 in TR 38.821 [2] that “If the feedback is disabled for a selective number (i.e. not all) of HARQ processes, the configuration parameters for different HARQ processes may need to be different.” It is then necessary to discuss what parameters need to be configured differently such as the following:
· Aggregation factor
· MCS table
· Time domain resource allocation table
· Frequency resource allocation type 0 and type 1
· Block error rate target
· Physical resource block (PRB) bundling configuration
· PDSCH mapping type A and type B

[bookmark: _Toc47672434]RAN1 to discuss what parameters need to be configured differently for HARQ processes with feedback and HARQ processes without feedback.
3	HARQ codebooks for enabled/disabled HARQ
With the UE being configured with both feedback disabled HARQ processes and feedback enabled HARQ processes, UE procedures on how to determine the entries in the NR Type-1 and Type-2 HARQ codebooks need to be defined.  For instance, a UE may receive PDSCHs associated with either a feedback disabled HARQ process or a feedback enabled HARQ process. 
Additionally, Type-3 HARQ codebook is introduced in Rel-16, motivated by NR operation in unlicensed spectrum that often requires listen-before-talk (LBT) to assess the availability of the carrier since the carrier may be shared with other networks and may not be available at any given time. While NTN uses licensed spectrum, the Type-3 HARQ codebook can be used to increase robustness of HARQ operation in any network and may be useful for NTN as well in some circumstances.
In the case of the NR Type-1 HARQ codebook, as the size of the codebook is fixed based on configuration and should not change dynamically, one simple approach is to insert NACKs in the positions corresponding to PDSCHs associated with feedback disabled HARQ processes.  For PDSCHs associated with feedback enabled HARQ processes, the UE inserts ACK or NACK depending on the decoding outcome of the PDSCHs.  An example of a NR Type 1 HARQ codebook with feedback enabled/disabled HARQ processes is shown in Figure 1.  In the DL association set for HARQ codebook in slot n, the UE receives a PDSCH associated with a feedback disabled HARQ process in slot n-3 (corresponding to K1=3) and a PDSCH associated with a feedback enabled HARQ process in slot n-1 (corresponding to K1=1).  As there is no ACK-NACK feedback for the PDSCH associated with feedback disabled HARQ process, the UE will insert a NACK (N) in position K1=3 corresponding to the PDSCH received in slot n-3.  For PDSCH received in slot n-1 which is associated with a feedback enabled HARQ process, the UE inserts ACK-NACK bit X which depends on the outcome of the PDSCH associated with the feedback enabled HARQ process.  
[image: ]
[bookmark: _Ref20351518]Figure 1:  An example of a NR Type 1 HARQ codebook with feedback enabled/disabled HARQ processes

[bookmark: _Hlk20352267]In the case of the NR Type-2 HARQ codebook, a UE can simply ignore counter DAI from a PDCCH that is associated with a feedback disabled HARQ process.  Furthermore, the gNB does not need to increment the counter DAI for a PDCCH that is associated with a feedback disabled HARQ process.  If total DAI is present, it indicates the sum of all the scheduled PDCCHs associated with feedback enabled HARQ process.
Two examples are shown in Figure 2. The numbers (cDAI,tDAI) in the boxes indicate counter DAI and total DAI, respectively. The upper example shows the legacy case where all PDSCHs are associated with feedback enabled HARQ processes and the DAIs are incremented for each PDCCH. In the lower example, the green boxes indicate scheduling of PDSCH associated with feedback disabled HARQ processes. The counter DAI is not incremented in the PDCCHs scheduling the HARQ disabled processes and the total DAI does not take these PDCCHs into account. But the true DAI values are still signaled to increase the robustness of the dynamic codebook construction of HARQ processes with feedback enabled.
[image: ]
[bookmark: _Ref20352474]Figure 2:  An example of a NR Type 2 HARQ codebook with feedback enabled/disabled HARQ processes
In the case of the NR Type-3 HARQ codebook, feedback is provided on all HARQ processes in one shot. In order to reduce unnecessary overhead one simple approach is to only provide ACK/NACK information in the Type-3 codebook for those HARQ processes that are enabled. This allows for an optimized codebook size that does not vary dynamically. The Type 3 codebook can thus be used to increase reliability in some situations.  
[bookmark: _Toc31805899]
[bookmark: _Toc31805898][bookmark: _Toc47672435]When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-1 HARQ codebook, the UE inserts NACKs in positions corresponding to PDSCHs associated with feedback disabled HARQ processes.
[bookmark: _Toc47672436]When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-2 HARQ codebook, the UE ignores counter DAI from a PDCCH that is associated with a feedback disabled HARQ process and counter DAI is not incremented for such a PDCCH.
[bookmark: _Toc31805900][bookmark: _Toc47672437]When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-2 HARQ codebook, the total DAI (if present) indicates the sum of all the scheduled PDCCHs associated with feedback enabled HARQ process.
[bookmark: _Toc47672438]When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-3 HARQ codebook, the codebook size is dimensioned to include ACK/NACK information only for HARQ processes that are enabled. 
4	On the number of HARQ processes
4.1	Alternatives to increasing number of HARQ processes for NTN
According to 3GPP TS 38.821, the option of increasing the number of HARQ processes should be further discussed when specifications for NTN are developed. However, increasing the number of HARQ processes is not well motivated, as there exist several other ways to address the issue originated from the stop-and-wait HARQ protocol.
· Option 1: Enabling / disabling of HARQ feedback on a per UE or per HARQ process basis
· It is already agreed that HARQ feedback can be disabled for NTN. This method can already resolve the throughput reduction due to the stalling caused by the stop-and-wait protocol. 
· Option 2: TDM scheduling of multiple UEs in a cell from a system perspective
· Continuous data transmission is possible from a system perspective, by scheduling different UEs in different slots. 
In addition, depending on carrier frequency, subcarrier spacing, satellite altitude and elevation, the needed number of HARQ processes will differ. Hence, any increase is likely to be insufficient for many configurations. 
[bookmark: _Toc19281090][bookmark: _Toc23257406][bookmark: _Toc31805886][bookmark: _Toc47672430]The motivation of increasing number of HARQ processes is not clear, as there exist several other ways to address the issue originated from the stop-and-wait HARQ protocol, particularly by enabling / disabling HARQ feedback. In addition, depending on carrier frequency, subcarrier spacing, satellite altitude and elevation, the needed number of HARQ processes will differ. Hence, any increase is likely to be insufficient for many configurations. 
4.2	Performance evaluation comparing HARQ without feedback to increasing number of HARQ processes
HARQ is useful when the radio channel exhibits high level of uncertainty due to fast fading. In this case, the radio channel may be better than expected, thus it is beneficial to use a higher BLER since sometimes the block is received correctly anyway and for erroneous blocks, the incremental information can be provided in a subsequent transmission. Such fast fading is not the channel type typical in NTN. In NTN, the radio channel is typically dominated by a strong line-of-sight component. Consequently, the received signal level would typically be subject only to slow variations due to satellite movement (pathloss, antenna direction, etc). Even if these variations can be relatively fast for a low-altitude satellite, they are typically significantly slower than the round-trip time. This means that the MCS adaptation can track these variations sufficiently well and initial BLER can be held at a target BLER of e.g. 10% or 1%. Therefore, HARQ is not expected to have a considerable effect on throughput.
To investigate this, link simulations with and without HARQ feedback were conducted. Three transmission cases are considered:
· HARQ disabled: HARQ feedback is disabled. Retransmissions of erroneous RLC PDUs are assumed to be handled by the RLC layer. The RLC throughput is calculated based on the physical layer BLER without HARQ feedback. The target BLER is 1%.
· HARQ with 32/64/128/256 HARQ processes: HARQ feedback is enabled. The number of HARQ processes corresponds to the RTT to avoid stalling of the HARQ protocol. Two BLER targets are studied:
· BLER target of 1%
· BLER target of 10%
· HARQ with 16 HARQ processes: HARQ feedback is enabled. The number of HARQ processes is 16, as supported by NR. Consequently, the transmission will stop and wait for feedback when all the HARQ processes have outstanding blocks. In this case, the throughput is calculated as a fraction of the throughput with a sufficient number of HARQ processes (e.g., if 32 HARQ processes are needed, the fraction is 16/32).
The simulation parameters are summarized in Table 1.
[bookmark: _Ref20742967]Table 1: Link level simulation parameters
	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	UE speed
	3 km/h

	Channel model
	NTN-TDL-D, suburban, 30° elevation angle

	Satellite antenna configuration
	1 Tx

	UE antenna configuration
	(1, 1, 2) with omni-directional antenna element

	RTT
	{32, 64, 128, 256} ms

	Bandwidth
	52 PRBs

	Target BLER
	HARQ disabled: 1%
HARQ enabled:
	a) 1%
	b) 10%



The throughput versus SNR for an RTT of 32 ms is shown in Figure 3. 
· As expected, the throughput with HARQ feedback enabled and 1% BLER target is almost identical to the throughput with HARQ feedback disabled (RLC ARQ only) and 1% BLER target. This is expected since when only (less than) 1% of the blocks are erroneous, only (less than) 1% of the blocks will benefit from code combining when HARQ is enabled.
· A link adaptation scheme with a BLER target of 10% is also evaluated for the case of HARQ enabled. The throughput with this scheme is also shown in Figure 3. It is clear that the increased BLER target has a negligible impact on throughput.
· All three schemes give significantly higher throughput than HARQ with 16 processes.
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[bookmark: _Ref20744690]Figure 3: Downlink throughput versus SNR for RTT = 32 ms.
Similar results for RTT of 64, 128 and 256 ms are shown in Figure 4, Figure 5 and Figure 6, respectively. 
[image: ]
[bookmark: _Ref20744912]Figure 4: Downlink throughput versus SNR for RTT = 64 ms.
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[bookmark: _Ref20744914]Figure 5: Downlink throughput versus SNR for RTT = 128 ms.
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[bookmark: _Ref46464632]Figure 6: Downlink throughput versus SNR for RTT = 256 ms.

[bookmark: _Toc19281091][bookmark: _Toc23257407][bookmark: _Toc31805887][bookmark: _Toc47672431]Evaluation results show that compared to increasing the number of HARQ processes, HARQ without feedback achieves similar throughput performance. 
In addition, the main purpose of NTN is to provide ubiquitous coverage rather than to provide maximum throughput. Considering the negligible performance difference for realistic scenarios and the added UE complexity and specification impact, it is not desirable to increase the number of HARQ processes. Therefore, we recommend RAN1 to conclude that there is no need to increase the number of HARQ processes for NTN.
[bookmark: _Toc47672432]The main purpose of NTN is to provide ubiquitous coverage rather than to provide maximum throughput. Considering the negligible performance difference for realistic scenarios and the added UE complexity and specification impact, it is not desirable to increase the number of HARQ processes.
[bookmark: _Toc19281097][bookmark: _Toc23257411][bookmark: _Toc31805894][bookmark: _Toc47672439]RAN1 to conclude that there is no need to increase the number of HARQ processes for NTN.
Conclusion
In the previous sections, we discuss HARQ enhancements for NTN. We made the following observations: 
Observation 1	The motivation of increasing number of HARQ processes is not clear, as there exist several other ways to address the issue originated from the stop-and-wait HARQ protocol, particularly by enabling / disabling HARQ feedback. In addition, depending on carrier frequency, subcarrier spacing, satellite altitude and elevation, the needed number of HARQ processes will differ. Hence, any increase is likely to be insufficient for many configurations.
Observation 2	Evaluation results show that compared to increasing the number of HARQ processes, HARQ without feedback achieves similar throughput performance.
Observation 3	The main purpose of NTN is to provide ubiquitous coverage rather than to provide maximum throughput. Considering the negligible performance difference for realistic scenarios and the added UE complexity and specification impact, it is not desirable to increase the number of HARQ processes.

Based on the discussion in the previous sections we propose the following:
Proposal 1	UE expects that at least one HARQ process is configured with UL HARQ feedback.
Proposal 2	RAN1 to discuss what parameters need to be configured differently for HARQ processes with feedback and HARQ processes without feedback.
Proposal 3	When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-1 HARQ codebook, the UE inserts NACKs in positions corresponding to PDSCHs associated with feedback disabled HARQ processes.
Proposal 4	When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-2 HARQ codebook, the UE ignores counter DAI from a PDCCH that is associated with a feedback disabled HARQ process and counter DAI is not incremented for such a PDCCH.
Proposal 5	When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-2 HARQ codebook, the total DAI (if present) indicates the sum of all the scheduled PDCCHs associated with feedback enabled HARQ process.
Proposal 6	When HARQ processes are enabled/disabled on a per HARQ process basis, in the case of the NR Type-3 HARQ codebook, the codebook size is dimensioned to include ACK/NACK information only for HARQ processes that are enabled.
Proposal 7	RAN1 to conclude that there is no need to increase the number of HARQ processes for NTN.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref510504022][bookmark: _Ref510814820][bookmark: _Ref174151459][bookmark: _Ref189809556]References
[bookmark: _Ref42716514][bookmark: _Ref45286859]RP-201256, “Solutions for NR to support non-terrestrial networks (NTN),” 3GPP TSG RAN #88e, June 2020.
[bookmark: _Ref29827421][bookmark: _Ref46459196]TR 38.821, Solutions for NR to support non-terrestrial networks.
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