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Introduction
In this contribution, we discuss remaining issues concerning HARQ enhancements.
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Discussions
For HARQ codebook construction, it has been agreed to include the feedbacks of only feedback enabled processes. For the DAI values in the DCIs of feedback-disabled processes, it has been agreed to choose among the following two options [1]: 
· 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.

In option 1, it’s unclear what will be the values of the DAI counters of a DCI with a feedback disable HARQ process that is transmitted in between the DCIs of two feedback windows. Our understanding is that the values of the DAI counters of the most recent DCI of a feedback enabled HARQ process will be repeated in the following DCI(s) of feedback-disabled process until another DCI with a feedback-enabled process is transmitted. As demonstrated in Figure 1, even the last DCI of feedback-enabled processes within a feedback window is missing, thanks to the following DCI of feedback disabled processes UE still knows the correct codebook size and is able to provide the correct feedback. This enhanced UE behaviour does not have any impact on the implementation of HARQ codebook decoder. Also, it is up to UE implementation to decide whether to take the advantage of the repeated DAI counters.
Proponents of Option-2 have concerns on Option-1’s impacts on specification. As discussed in the above, with some clarification, Option-1’s impacts on specification can be made minimal, i.e., only one statement added.  The modified version of Option-1 is as in the following:
Proposal 1: For Type-2 codebook generation, UE may assume that the C-DAI and T-DAI of the DCI of PDSCH with feedback-disabled process is the same as the C_DAI and T-DAI of the most recently transmitted DCI of PDSCH with feedback-enabled process by gNB.  


Figure 1. An example where repeated DAI counters in DCIs of feedback-disable HARQ processes help the determination of codebook size.

For smart phones in NTN, DL achievable SNR can be more than 20 dB higher than UL achievable SNR due to limited UE transmit power. In such case, DL throughput can be limited by UL feedbacks without improved HARQ feedback efficiency. As can be seen from Figure 2, for SNR =-12 dB one full slot is required for one feedback bit. It’s hence critical to consider techniques for improved feedback efficiency. For dynamic codebook, this can be done by spatial bundling all the feedback bits so that only one bit is transmitted. If there is one or more PDSCH decoding failures, UE will provide a negative feedback and network will retransmit all the PDSCHs. To ensure a small probability of PDSCH retransmission, network can limit the number of PDSCHs before feedback is requested and slightly reduce the target BLER of PDSCH transmissions. For instance, if the code book size is limited to be 4 or less by scheduling and the BLER target is set at 2.5% instead of 10%, the probability of retransmission is limited at 10%. 
Proposal 2: For Type-2 HARQ codebook, support spatial bundling of all feedback bits in a codebook if the number of feedback bits without bundling is less than or equal to N. 
· FFS: the value of N. 

[image: ]
Figure 2. Performance of 1-bit HARQ-ACK on PUCCH format 1 of 14 symbols and 1 PRB over NTN-TDL-C.

It has been agreed that HARQ processes with feedback disabled are still configured to allow blind retransmissions. Without HARQ-ACK feedbacks, however, DL scheduling of the HARQ process will be susceptible to errors without additional enhancements. An example is shown in Figure 3. In the figure, all transmissions are of the same HARQ process carrying different TBs. Suppose UE misses the PDCCH of the second PDSCH and HARQ feedback is disabled for the process, UE will understand the third PDSCH as a retransmission of the first PDSCH and miss the third PDSCH again.  When HARQ feedback is enabled, the above scenario is unlikely to happen. Since network knows that the second PDSCH was missed, it will schedule the third PDSCH as a retransmission of the second PDSCH instead of a new transmission.  


Figure 3. Example DL scheduling using NDI: Without HARQ feedback and if UE misses the PDCCH of second transmission, UE will understand the third transmission as a repetition of the first. 

Assigning a RV, say RV 0, exclusively for the initial transmission will solve the above problem. This is because RV now provides information for UE to determining if a transmission is new or old in addition to NDI. In the above example, even UE misses the PDCCH of the second transmission, the UE understands that the third transmission is a new one by the use of RV 0.
Proposal 3: For DL HARQ processes with HARQ feedback disabled, initial transmissions shall use RV 0 and retransmissions shall not use RV 0.

Conclusions
In this contribution, we have discussed remaining issues on HARQ with following proposals:
Proposal 1: For Type-2 codebook generation, UE may assume that the C-DAI and T-DAI of the DCI of PDSCH with feedback-disabled process is the same as the C_DAI and T-DAI of the most recently transmitted DCI of PDSCH with feedback-enabled process by gNB.  

Proposal 2: For Type-2 HARQ codebook, support spatial bundling of all feedback bits in a codebook if the number of feedback bits without bundling is less than or equal to N. 
· FFS: the value of N. 

Proposal 3: For DL HARQ processes with HARQ feedback disabled, initial transmissions shall use RV 0 and retransmissions shall not use RV 0.
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