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Introduction
[bookmark: _Hlk510705081]In the previous RAN1# e-meetings there has basically been three tracks in the discussion on the support of enhancing HARQ operation under the scenario of NTN. The first track was associated to the possibility of disabling HARQ-ACK feedback for selected processes and the associated impact to the various codebooks for addressing the potentially disabled HARQ feedbal. The second track has been on how to handle the UE supporting more than 16 HARQ processes for the addressing of the additional HARQ processes. The third track has been on dealing with the issue of HARQ stalling, which may be addressed by letting each HARQ process extend in time through slot aggregation. All of these aspects will be discussed in this contribution. 
Discussion
As mentioned in the introduction there are three main components of the HARQ related discussions, which will each be discussed in the following respective subsections.
HARQ codebook discussions
For the Type-1 HARQ codebook discussions, there were extensive discussions at the last RAN1#106-e meeting, where the following agreements were reached:
Agreement:
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, one of following options should be supported:
· Option-1: The UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH
· Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH
· FFS: Other cases, e.g., if only DCI carrying feedback-disabled HARQ process is detected by UE

And
Agreement:
For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, one of following options should be supported:
· Option-1: The UE’s behavior is same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
· Option-2: The UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH. 

For the first of these agreements, we need to consider the associated impacts from the down-selections. The option-1 will cause the UE to force the reported value of the HARQ process to be a NACK irrespective of the actual decoding result from the UE side. There has not been any agreements on the UE behaviour for such cases, and our understanding would be that the UE would need to preserve the HARQ soft buffer for any potential retransmissions. We should keep in mind that disabling the HARQ feedback is not a guarantee that the gNB would schedule new transmissions for the same HARQ process. For the case where the gNB is having the understanding that the UE needs retransmissions without getting indications of the decoding result, the gNB may potentially blindly schedule retransmissions for the same HARQ process.
Observation 1: The gNB may still blindly schedule HARQ retransmissions for processes that are not expected to provide HARQ feedback.
The impact of Option-2 would be that the UE would perform the decoding of the received packet and provide the actual HARQ related feedback that is associated to the HARQ process. Such information may still represent valuable information for the gNB for the purpose of evaluating the link performance for each scheduled HARQ process. In this context it is important to recall that the UE is anyway expected to perform the CRC for the receive packet in order to be able to deliver it to higher layers.
Observation 2: Even that HARQ feedback may be disabled for a HARQ process, the UE still need to evaluate the CRC for the received packet on the PDSCH.
Observation 3: The information on successful or failed packet reception may still be useful for the gNB, even that it is received with delay.
Based on the above observations, it is preferred to have the UE always generating the true decoding result of the PDSCH when generating the Type-1 HARQ codebook. Hence we propose the following:
Proposal 1: For Type-1 HARQ codebook with DCIs carrying both feedback-disabled and feedback enabled HARQ processes, select Option-2 such that the UE will always generate the true HARQ feedback value.
On the second topic for the Type-1 HARQ codebook, this is related to the potential for dropping or skipping the UE reporting of the HARQ feedback. In this context it is important to consider the case of a UE not correctly receiving one or more of the PDCCHs with DCI intended for it. The possible error cases here are mainly related to the UE missing a DCI with indication of a HARQ process for which it is expected to generate a HARQ feedback. For such cases the skipping or dropping of the entire HARQ codebook would cause the UE and the gNB to have different understanding of the expected actions to take (that is, the UE may skip the generation of the HARQ codebook, while the gNB expects the UE to generate the codebook). Based on this, our preference for addressing the potential skipping of the HARQ codebook would be:
Proposal 2: For Type-1 HARQ codebook with DCIs carrying only feedback-disabled HARQ processes, select Option-1 such that the UE will always generate a HARQ codebook for transmission.
It should be noted that we see and acknowledge the potential benefits of allowing the skipping of the codebook for cases where the UE is only observing DCIs with feedback-disabled HARQ processes. In case the group decides to go in the direction of allowing skipping the codebook feedback, it is crucial that this would only be applicable for cases where the UCI consists of the HARQ only.
Proposal 3: In case of the group agreeing on selecting Option-2 for the case of Type-1 HARQ codebook with DCIs carrying only feedback-disabled HARQ processes, this should be limited to cases where the HARQ codebook is the only UCI for the PUCCH.
For Type-2 HARQ codebook there was a discussion during RAN1#106-e, which lead to the following agreement:
Agreement:
For the DCI of PDSCH with feedback-disabled HARQ processes, only one of following is supported for Type-2 codebook:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.
· Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.

The introduction of the C-DAI and T-DAI was with the target of allowing the UE to be able to identify whether or not there were any missed DCIs indicating a downlink assignment for the UE. Hence, this is a crucial tool for the UE to being able to generate a codebook that is dynamic in size, but still providing predicatability for the gNB when the associated uplink control information needs decoding. Simply ignoring the values of C-DAI and T-DAI on the UE side would not be an acceptable solution as this would have severe implications on the probability of the UE and gNB having different understanding of the size of the generated codebook. 
Proposal 4: For Type-2 HARQ codebook, select Option-1 such that C-DAI and T-DAI are the count of the feedback-enabled processes.

The Type-3 HARQ codebook has been designed for providing the full bitmap of all the available HARQ processes, which is mainly a needed feature for operation in scenarios with uncertainty on channel access (unlicensed operation). Given that NR-U is operating with low transmit power levels and is primarily intended for local use, it is suggested that NR over NTN does not change any behaviour for the associated HARQ codebook.
Proposal 5: No enhancements or optimizations are implemented for Type-3 HARQ codebook. The codebook size should not be depending on the configuration for HARQ-ACK feedback (feedback enabled or disabled).

DCI format for handling additional HARQ processes
During the discussions in RAN1#106-e, the group reached the following agreement:
Agreement:
For enhancement on the HARQ process indication, one of following options for DCI 0-0/1-0 can be considered:
· Option 2: Reusing one bit from other bit field
· Option 4: No enhancement

In this discussion it is important to bear in mind that during RAN1#102-e, the following agreement was made:
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

Considering the agreement from RAN1#102-e, we have a clear agreement that when increasing the number of HARQ processes up to 32, one of the main targets should be to minimize the impacts on specification and scheduling. 
Option 2 above would imply that we would further need to discuss which bit field from the DCI formats 0-0/1-0 shoould be reused/repurposed, and associated implications of reduced scheduling flexibility would need to be further analyzed. This point of view this would not be well in line with the target of minimizing the impacts on specifications.
Option 4 above would have the impact that any pending scheduling of potential retransmissions for HARQ process indices larger than 16 would need to be handled with DCI formats 0-1/1-1 and DCI formats 0-2/1-2. Operating according to this option would cause a limit on the addressable HARQ processes for any case where the DCI 0-0/1-0 would be needed, which would cover cases of initial access and during RRC reconfiguration. Both of these cases can be seen as controllable for the gNB, where there is basically no need for having the increased amount of HARQ processes available. If any corner cases would be identified, these could be addressed by the gNB scheduler which would ensure that scheduled data would be dedicated for HARQ processes that are guaranteed protection even during use of DCI 0-0/1-0.
Proposal 6: For DCI 0-0/1-0, select option 4, such that no enhancements are introduced for HARQ process indication.

Slot aggregation
During RAN1#106-e, there were also some discussions on the slot aggregation, where we reached the following agreement:
Agreement:
The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
· FFS: X = 8, 16 or 32

For some cases with extremely long RTT, such as the GEO deployment, a single UE would still be subject to suffer from HARQ stalling, but a number of conditions need to be fulfilled for this to happen. The conditions would have to be that the UE is having a need for continuous scheduling while the gNB would have available resources for scheduling this specific UE in a continuous manner. The latter would not be very likely, given the extreme coverage area that is expected for the GEO deployment case. However, as a compromise solution, one could consider to increase the slot aggregation capabilities for such cases to higher values such as e.g. 16 slots being aggregated. This is shown in Table 1, where it is seen that supporting 32 HARQ processes for 15 kHz SCS would leave 512 ms round trip time, which would ensure support for near-continuous scheduling for a single UE, as the RTT for GEO deployments would be ~540 ms. If continuous scheduling is needed, one could consider disabling HARQ feedback for a few HARQ processes to facilitate the continuous scheduling operation.
[bookmark: _Ref78979764]Table 1 HARQ round trip time supported for different amount of HARQ processes and for different subcarrier spacing configurations
	Aggregation value
	1 slot
	2 slots
	4 slots
	8 slots
	16 slots

	15 kHz SCS, 
16 HARQ
	16 ms
	32 ms
	64 ms
	128 ms
	256 ms

	15 kHz SCS, 
32 HARQ
	32 ms
	64 ms
	128 ms
	256 ms
	512 ms

	120 kHz SCS, 
16 HARQ
	2 ms
	4 ms
	8 ms
	16 ms
	32 ms

	120 kHz SCS, 
32 HARQ
	4 ms
	8 ms
	16 ms
	32 ms
	64 ms



One further aspect to consider related to the increased slot aggregation is that the individual PDSCH transmissions will have their own encoding, thereby leading to a relatively high code rate for each transmission. Combined with the high amount of aggregated slots, the effective code rate for each transmission will become quite low, and the resulting throughput will scale downwards accordingly. Since increasing the slot aggregation will negatively impact the provided throughput, the maximum considered slot aggregation should be 16.
Proposal 7: For NTN operation, the maximum level of slot aggregation to be considered should be 16 slots.

Conclusion
In this contribution we have presented our observations and proposals. These are as follows:
Observation 1: The gNB may still blindly schedule HARQ retransmissions for processes that are not expected to provide HARQ feedback.
Observation 2: Even that HARQ feedback may be disabled for a HARQ process, the UE still need to evaluate the CRC for the received packet on the PDSCH.
Observation 3: The information on successful or failed packet reception may still be useful for the gNB, even that it is received with delay.
Proposal 1: For Type-1 HARQ codebook with DCIs carrying both feedback-disabled and feedback enabled HARQ processes, select Option-2 such that the UE will always generate the true HARQ feedback value.
Proposal 2: For Type-1 HARQ codebook with DCIs carrying only feedback-disabled HARQ processes, select Option-1 such that the UE will always generate a HARQ codebook for transmission.
Proposal 3: In case of the group agreeing on selecting Option-2 for the case of Type-1 HARQ codebook with DCIs carrying only feedback-disabled HARQ processes, this should be limited to cases where the HARQ codebook is the only UCI for the PUCCH.
Proposal 4: For Type-2 HARQ codebook, select Option-1 such that C-DAI and T-DAI are the count of the feedback-enabled processes.
Proposal 5: No enhancements or optimizations are implemented for Type-3 HARQ codebook. The codebook size should not be depending on the configuration for HARQ-ACK feedback (feedback enabled or disabled).
Proposal 6: For DCI 0-0/1-0, select option 4, such that no enhancements are introduced for HARQ process indication.
Proposal 7: For NTN operation, the maximum level of slot aggregation to be considered should be 16 slots.
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