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Introduction
One of the RAN1-lead objectives in the NTN WID [1] is HARQ enhancements for NTN. A list of topics related to HARQ enhancements was provided [2]. The following agreements have been made in RAN1 meeting #103-e [3].

Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different

Agreement:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· FFS: DCI 0-0/1-0
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL
 
Agreement:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement;
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook

In this contribution, we provide our views on HARQ process number indication, mechanism for disabling HARQ feedback, HARQ-ACK codebook constructions and PDSCH scheduling restriction. 

Discussion
HARQ process number indication
It was agreed [3] that 32 is taken as the maximal supported HARQ process number for both uplink and downlink. Since the maximum bit field size for HARQ process number in existing DCI formats is 4 bits, the HARQ process number indication needs to be enhanced. 

In RAN1 #103-e meeting, four options to indicate up to 32 HARQ process numbers were identified for non-fallback DCI formats, i.e., 0_2/1_2 and 0_1/1_1. The first two options make use of the slot index of the DCI to indicate either MSB or LSB of HARQ process number. Although this approach does not increase the DCI payload size or restrict the usage of other DCI fields, it does pose the restrictions on scheduling. For example, half of the HARQ processes are restricted to be scheduled at a slot. 

This scheduling restriction may not be aligned with SPS configuration. In existing NR SPS configuration, the HARQ process number is associated with slot index. The additional limitation on HARQ process number based on slot index may break the current association between HARQ process number and slot index. Furthermore, the impact of using this approach to the case of a single DCI scheduling multiple PDSCH/PUSCH is unclear.

Considering the fields and field sizes of non-fallback DCI are configurable, the option of extending the HARQ process number field up to 5 bits works well. On the other hand, it is also possible to reuse one bit from another DCI bit field to indicate HARQ process number.

Proposal 1: Enhanced HARQ process number indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by down-selecting between extending the HARQ process number field up to 5 bits and reusing one bit from another DCI bit field.

Unlike non-fallback DCI, the fallback DCI, i.e., formats 0_0/1_0, has non-configurable fields. Hence, it is not desirable to extend the size of the HARQ process number field. In existing fallback DCI formats, the HARQ process number field is of 4 bits. The same field size should be maintained even if the number of HARQ processes is increased to 32. We prefer to re-interpret DCI fields to indicate up to 32 HARQ process numbers. Specifically, the existing 4-bit HARQ process number field, together another bit field in DCI, are jointly used to indicate HARQ process number.

One possible solution is that 1 redundancy version (RV) bit is used to indicate the MSB of HARQ process number, and only RV0 and RV3 are used when the supported HARQ process number is 32. One benefit of this scheme is that the soft buffer size per HARQ process is reduced by restricting to RV0 and RV3 at high code rates. Hence, the total soft buffer size over all HARQ processes may not increase even if the number of HARQ processes is increased to 32. 

Note that the limitation of RV version is already used in NR release 16. For example, in DCI formats 0_2 and 1_2 for URLLC feature, one bit to indicate RV is supported, where only RV0 and RV3 are used (cf. Table 7.3.1.2.3-1 in [4]). In another example, in DCI format 0_1 for NR-U feature, one bit to indicate RV is supported, where only RV0 and RV2 are used (cf. Table 7.3.1.1.2-34 in [4]).

Proposal 2: Enhanced HARQ process number indication is supported for DCI 0_0 and DCI 1_0 by reusing one bit from another DCI bit field (e.g., RV field). 

Mechanism for disabling HARQ feedback
It was discussed [5] that the parameters (e.g., for PDSCH or PUSCH) could be different for HARQ processes with enabled HARQ feedback and for HARQ processes with disabled HARQ feedback. For example, the configured aggregation factor for HARQ processes with disabled HARQ feedback can be larger than the configured aggregation factor for HARQ processes with enabled HARQ feedback. This is to enhance the data transmission reliability for HARQ processes with disabled HARQ feedback. 

Proposal 3: Support to have different configurations for HARQ processes with or without HARQ feedback. 

The aggregated PDSCH or PUSCH retransmission has restrictions on the retransmission resources both in time domain and in frequency domain. Specifically, the same frequency resources over consecutive slots are used in aggregated retransmission. In aggregated retransmission, the number of repetitions is either semi-statically configured or dynamically indicated via a configured TDRA table. 

Another way of PDSCH or PUSCH retransmission is blind retransmission. In blind retransmission, each DCI is associated with a single PDSCH (re)transmission or a single PUSCH (re)transmission, but the DCI for retransmission scheduling is transmitted without the knowledge of decoding results of the previous transmission. Although blind retransmission has higher PDCCH signaling overhead than that in aggregated retransmission, it has the flexibility in selecting retransmission resources, as well as in controlling the number of retransmissions. 

Comparing with the legacy HARQ retransmission scheme, the blind retransmission scheme strives to deliver data in a short period without waiting for HARQ feedback (for PDSCH) or without waiting for decoding results (for PUSCH). This reduces the latency by avoiding the large propagation delay of HARQ feedback (for PDSCH) or the large downlink to uplink turnaround time (for PUSCH) in NTN. 

Proposal 4: Support blind PDSCH and PUSCH retransmission for NTN. 

Enhancement on the HARQ-ACK codebook
Type-1 HARQ-ACK codebook is semi-statically constructed. The size of type-1 HARQ-ACK codebook depends on the total number of candidate PDSCH reception occasions, rather than whether or not there is actually scheduled PDSCH. If no PDSCH is received in a candidate PDSCH reception occasion due to not detecting a corresponding DCI, then NACK is generated. Here, overhead reduction of type-1 HARQ-ACK codebook is not the main design consideration. 

The reduction of type-1 HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback may lead to ambiguity on interpreting HARQ-ACK codebook, especially in DTX scenario. If a UE fails decoding a DCI, it does not know whether HARQ feedback is enabled or disabled for the corresponding HARQ process number. If this HARQ process number is configured with disabled feedback, then gNB expects ACK/NACK feedback for this transmission. If this HARQ process number is configured with enabled feedback, then gNB does not expect ACK/NACK feedback for this transmission. In either way, UE may generate a HARQ-ACK codebook with a different size as expected from gNB. 

Hence, we should not reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback. 

If one bit is to be generated for a HARQ process with disabled HARQ feedback, then one option is always setting that bit as NACK. However, this does not deliver useful information to gNB. Especially, it does not distinguish between DTX and the case of HARQ process with disabled HARQ feedback. 

A better option is that UE generates ACK if a DCI is received which indicates a HARQ process with disabled feedback. On the other hand, UE generates NACK if no DCI is detected. This bit information facilitates gNB’s scheduling of higher layer retransmission. 

Proposal 5: In type-1 HARQ-ACK codebook construction, UE does not reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback.

Type-2 HARQ-ACK codebook construction for NTN has been discussed in RAN1 # 103-e meeting, where two options are identified while other options are not precluded. 

In one option, type-2 HARQ-ACK codebook size is reduced since the HARQ-ACK codebook does not include the HARQ-ACK bits for HARQ processes with disabled feedback. Generally, in this option, counter DAI (C-DAI) and total DAI (T-DAI) count only PDSCH with feedback enabled HARQ processes. Specifically, in the DCI of PDSCH with feedback enabled HARQ process, the C-DAI and T-DAI are given their true values. 

However, the details of C-DAI and T-DAI counting for the DCI of PDSCH with feedback disabled HARQ processes are still open. Three alternatives of C-DAI and T-DAI for the DCI of PDSCH with feedback disabled HARQ process were discussed. In the first alternative, the C-DAI and T-DAI are given their true values (i.e., count of feedback-enabled processes), despite they are not incremented. In the second alternative, the C-DAI and T-DAI are given a reserved value. In the third alternative, a separate set of C-DAI and T-DAI counts for HARQ process with disabled feedback is used. 

In the second option, C-DAI and T-DAI count for PDSCH with both feedback enabled HARQ processes and feedback disabled HARQ processes. This actually reuses existing type-2 HARQ-ACK codebook. 

These different options and alternatives are shown in the first four columns in Figure 1. 
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[bookmark: _Ref60150085]Figure 1: Different options/alternatives of C-DAI and T-DAI

In our view, unlike type-1 HARQ-ACK codebook, type-2 HARQ-ACK codebook is dynamically constructed, depending on the scheduled transmissions. With this design principle, UE does not have to send HARQ-ACK bit for the HARQ process with disabled HARQ feedback. Hence, we prefer the first option. 

With respect to the C-DAI and T-DAI count for PDSCH with feedback disabled HARQ processes, we do not see the benefit and necessity of keeping a separate set of C-DAI and T-DAI for feedback disabled HARQ processes (i.e., Alternative 3). 

The second alternative has the benefit of saving the DCI bit fields of C-DAI and T-DAI. However, the first alternative has the advantage of indicating the total number of HARQ-ACK bits, which benefits in addressing the last DCI missing issue. 

Consider an example of two carriers where carrier 1 delivers PDSCH with feedback disabled HARQ processes and carrier 2 delivers PDSCH with feedback enabled HARQ processes. Suppose a UE decodes the PDCCH on carrier 1 but does not decode the PDCCH on carrier 2. If the second alternative is used, then UE does not know how many HARQ-ACK bits to feedback. If the first alternative is used, then UE knows the exact number of HARQ-ACK bits to feedback based on the T-DAI detected on carrier 1.

Actually, we do not think the C-DAI for PDSCH with feedback disabled HARQ processes is needed. Hence, we propose that in the DCI of PDSCH with feedback disabled HARQ processes, the T-DAI is given its true value and the C-DAI is given a reserved value. This is shown as the last column in Figure 1. 

Proposal 6: In type-2 HARQ-ACK codebook construction, reduce the codebook size for HARQ processes with disabled feedback.
· In DCI of PDSCH with feedback enabled HARQ processes, the C-DAI and T-DAI are given their true values.
· In DCI of PDSCH with feedback disabled HARQ processes, the T-DAI is given its true value and C-DAI is given a reserved value.

The type-2 HARQ-ACK codebook construction for SPS PDSCH is open. The similar issue is also open for type-1 HARQ-ACK codebook only for SPS PDSCH reception. 

In release 16 URLLC, a SPS configuration may include multiple HARQ processes. The ordering of HARQ-ACK bits for SPS PDSCH follows the “serving cell index first, SPS configuration index second, and slot index third” rule. 

In NTN, some HARQ processes are configured with feedback enabled, while other HARQ processes are configured with feedback disabled. In case all the HARQ processes in a SPS configuration have the same HARQ feedback setting (i.e., enabled or disabled HARQ feedback), then the existing ordering rule of HARQ-ACK bits for SPS PDSCH could be modified to “serving cell index first, SPS configuration index with HARQ feedback enabled second, and slot index third”. In case not all the HARQ processes in a SPS configuration have the same HARQ feedback setting, then the ordering rule of HARQ-ACK bits for SPS PDSCH needs to be further studied.

Proposal 7: For type-1 HARQ-ACK codebook only for SPS PDSCH and for type-2 HARQ-ACK codebook for SPS PDSCH, consider whether/how to support the case where SPS configuration includes HARQ processes with different HARQ feedback settings.

PDSCH scheduling restriction
The PDSCH scheduling restriction was discussed in RAN1 #103-e meeting. It was agreed [3] that for a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.

The value of X and its unit are open. We think the value of X can be defined as . This  is the minimum time gap between the last symbol of PDSCH and the first symbol of PUCCH which carries the corresponding HARQ-ACK information. This is the UE’s PDSCH processing procedure time. The time gap is large enough for processing a PDSCH and getting ready for receiving the next PDSCH with the same HARQ process. 

Proposal 8: For a downlink HARQ process with disabled feedback, a UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until  after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
 
Conclusion
In this contribution, we provided our views on HARQ enhancements for NTN. Our proposals are as follows: 

Proposal 1: Enhanced HARQ process number indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by down-selecting between extending the HARQ process number field up to 5 bits and reusing one bit from another bit field.

Proposal 2: Enhanced HARQ process number indication is supported for DCI 0_0 and DCI 1_0 by reusing one bit from another DCI bit field (e.g., RV field). 

Proposal 3: Support to have different configurations for HARQ processes with or without HARQ feedback. 

Proposal 4: Support blind PDSCH and PUSCH retransmissions for NTN. 

Proposal 5: In type-1 HARQ-ACK codebook construction, UE does not reduce the HARQ-ACK codebook size for HARQ processes with disabled HARQ feedback.

Proposal 6: In type-2 HARQ-ACK codebook construction, reduce the codebook size for HARQ processes with disabled feedback.
· In DCI of PDSCH with feedback enabled HARQ processes, the C-DAI and T-DAI are given their true values.
· In DCI of PDSCH with feedback disabled HARQ processes, the T-DAI is given its true value and C-DAI is given a reserved value.

Proposal 7: For type-1 HARQ-ACK codebook only for SPS PDSCH and for type-2 HARQ-ACK codebook for SPS PDSCH, consider whether/how to support the case where SPS configuration includes HARQ processes with different HARQ feedback settings.

Proposal 8: For a downlink HARQ process with disabled feedback, a UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until  after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
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