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1 Introduction
In RAN1 #98bis meeting [1], the following agreement were reached:
Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

And some topics are also under discussion in [2]. In this contribution, we discuss the HARQ enhancement for NRU. 
2 Discussion on HARQ enhancement for NR-U
2.1 Dynamic HARQ codebook 
As agreement in RAN1#97 meetings, one DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH. Meanwhile, C-DAI/T-DAI is accumulated only within each PDSCH group. In Rel-15 NR, dynamic HARQ codebook is generated based on C-DAI/T-DAI. For dynamic HARQ codebook of NR-U, as more PDSCH groups in the same PUCCH are supported which implies more C-DAI/T-DAI in one dynamic HARQ codebook, how to generate dynamic HARQ codebook regarding more C-DAI/T-DAI should be studied.
In rel-15 NR, RM code can be adopted for UCI encoding with bit length less than 11. T-DAI can assist for miss detection of last PDCCH within a group, however there is no T-DAI for single cell. RM encoder cannot distinguish the miss of the last PDCCH or the NACK of the last PDSCH, i.e. the encoder bits are the same between UE miss detected the last PDCCH and the incorrect decoding of the last PDSCH. Hence, for Rel-15 NR, miss detection of the last PDCCH for single cell is not serious due to the nature of RM encoder.
For single cell without T-DAI, when there are more PDSCH groups in one PUCCH and for a nature encoding order (HARQ-ACK bits of the second group follow the first ones), the miss detection of the last PDCCH of the first group will cause HARQ-ACK bit shift at encoder, as figure 1 shows. In figure 1, there are two groups, A and B. Group A has n PDCCHs transmitted by gNB and Group B has p PDCCHs transmitted by gNB. UE miss detects the last PDCCH of group A, i.e. A(n-1). gNB cannot be aware of this shifted HARQ-ACK bit and NACK to ACK issue could happen which is more serious than single PDSCH group.
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Figure 1. UE miss detects the last PDCCH of group A
When the maximum number of PDSCH groups is 2, there is a simple way to avoid that shift, i.e. two directional ordering, as figure 2 shows. The HARQ-ACK bit of the PDSCH group A is mapped from the beginning to the ending of RM encoder, i.e. from 0 to 10. The HARQ-ACK bit of the PDSCH group B is mapped from the ending to the beginning of RM encoder, i.e. from 10 to 0. The miss detection of the last PDCCH of either group A or group B at UE can be treated as NACK at gNB under such encoding method.
For polar code, it depends on the HARQ codebook is transmitted on PUCCH or PUSCH. The difference is that PUSCH has assistance information of total DAI in uplink grant. In both cases, two directional ordering can avoid the HARQ ACK bits shift due to miss detect of PDCCH.
[image: ]
Figure 2. Two directional ordering of RM encoding
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Figure 3. Two directional ordering of Polar encoding in PUCCH without total DAI in uplink grant
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Figure 4. Two directional ordering of Polar encoding in PUSCH with total DAI in uplink grant

Proposal 1: When 2 PDSCH groups are in the same PUCCH, encoding order of PDSCH groups should consider to avoid the shifted HARQ-ACK bits issues.

2.2 One-shot HARQ codebook 
Whether NR-U supports one-shot HARQ codebook and how to trigger one-shot HARQ codebook is under discussion. One issue is what we will feedback per HARQ ID. If it is the ACK/NACK of the latest PDSCH of that HARQ ID, some issue happens when UE misses the DCI for a HARQ ID and the latest result of the same HARQ ID is ACK. Some mechanism can be chosen for example resetting to default value NACK once the HARQ feedback is transmitted. However, as hidden node problem, gNB may not detect PUCCH with high interference and gNB only wants UE to retransmit the HARQ feedback again. If it resets to default value, it will limit the gNB to trigger retransmission of one-shot HARQ codebook. One issue can solve that problem is to transmit the XOR of the latest NDI and ACK/NACK bit per HARQ ID. For the second issue, UE can retransmit ACK to gNB and gNB can decide ACK based on its NDI for that HARQ ID. For the first issue, even if UE transmit ACK for its NDI, but NDI of UE and gNB is different, gNB will decide NACK based on its NDI.
Proposal 2: For one-shot HARQ codebook NDI, Alt. C, i.e. UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH, is proposed.
3 Summary
In this contribution, we have the following proposals and observations:
Proposal 1: When 2 PDSCH groups are in the same PUCCH, encoding order of PDSCH groups should consider to avoid the shifted HARQ-ACK bits issues.
Proposal 2: For one-shot HARQ codebook NDI, Alt. C, i.e. UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH, is proposed.
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